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D I A L O G U E I. 

fte DffiripMpn vf the Cel£sttai£ GfttJifB, tnuf iis 

fili S ttdr laft CohVerfirtSoh Rriffliied onr Spcctllittcni on 
t\ thre Aiwofpliere, >vc art bmiigKl, By oiif jjtbpofW 

Swarid, itr ti' VliiW df fte artificial GteBfes. A W that 

NcJtWifrihijJrJbe ti^hting to give yoti a pterifeft l<fea bt 
tte "mbft wtmaferftil Ad dbvloas Parts of N^urc, I cJii^tj; 
M FVahit^ ahd ConftitutTbtis of th^ HAVtns j^dH iH& 
Eif^, in^ ^^ ^^11' i^Abie MotiGdnrJ ahd nr^hi^ifieiia ^ 
1 fiit^^ bte^rded a Pair of Glqj6B^* ft* that Purpofe^ 
ttlftoity^dht tkiche3 biariietfer. — ^Aiird heh* they aifc— ^^ 
TiU fe ciRcd.ttife a^iut CU6f, and that the TeHprioJ.-^ 

Bithnf. I am irtfiniffciy obliged to ybtf, Ctmkus\ for 
the Cfare anctTrOttblfc yWi h^t Dn my AtcOtfht.i^ — -*- 
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2 THE YOUNG GENTLEMAN 

'Vhcy are very beautiful Things indeed ! And I qucftion 
not but they are of equal Ufe« - — A^ we CiSnnot coiw 
fider the U&s of both at once, pray wKich do we begin 
with ? 

Ckon, The Cekjft&l Gkh^ my Buphrt^fym^ for that 
remains to finifh ouf practical View of the Heavens^ — ^ — 
We at firft contemplated the Theory of the Murtdam 
SyJIem — then we took an a^ual Surney q/ the fitcrsl Bsdhs 
which compofed it, and their M&tions^ by the Telf/cspf ; 
— after this, we alTayed the DoHrinS sf ihi Sphit^ j — and 
then cfonfidered, under a more immediate Vicrw, the 
varhin Mmms and AffeSlimt if the HeaveTtly BgdUsr ^^ 
themfelves, and in regard of each other, in the Orrery^ 
• — —and now it remains, that we contemplate the fame 
Thing in regard to the Earth [or its Inhabitants) only, 
which is to be done by the Cfh/fkl Globe ; whofe Super- 
ficies reprcfcQts the cmJItUaUd Campy &f the Heavens, and 
its Rotation about its Axis, the apparent diurna! Msihni 
mf the Sw«| Aii^rt, ifnd Stan.— — And hence this Globe 
nas the Name CeieJIiaL . 

Euphrsf 1 inufl wait titl you are inore particular in 
the Ufcs of thii fine Inftrument ; — at prefcnt 1 obfcrvc 

moft of the Circles of the Sphere upon it, and feveral 

Figures of Jlfen, fVsmeny Horfes^ ^^i^i Serpents^ Fijhes^ 
Cnwm^ &c. painted thereon, which, I fuppofe, are all 
fignificant, when undcrftood, — 

Ckm, True, Sifter i here are all the Circles of the 
Sphere; and it is little different from the Sphere, in any 
Thing more than having a continued Surface, and the 
CmftiUatiom painted thereon* 

Euphrgf Yes, here is this broad Horizon, with feve- 
ral Circles upon it — pray, what Circles are they? 

CUem* There aic five Circles on the Horizon ^ vm* 
(j) The inmoft, or that next the Globe, is the Cirde ^J 
Jlmplhudii *r A^muth^ and divided each Way from E^ 
%ni Wtfi^ towards Hmh and ^mth^, into 90 Degrees, 
{2) The Circle containing the 32 PmnU ef th§ C^mpafu 
(3) The Calendar of Months and Days, according to the 
New Suit. (4) The Zpdjacf with the Signs and Dcrreea 
of the Ecliptic, adapted thereto. (5) The Crf/^fldkr for 

the Old StiU adjufteJ to the Ecliptic i the Ufcs gf afl 

thcfc you will fee more particularly hereafter •r^—- 
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Etifhrof Very good, GU&nicm : and z% to the oth<# 
Ctirlcs on its Surface -» the Efuimifwl^ the Beiipnt^ the 
Tr;fhsj and Pfi/<jr Circles^ I fhall trouble you with na 
Qiicflions concerning them, having had a perfci£l Know- 
Jcii^e of them from the Sphere, — But thcfc other CiTc!e3« 
which run athwart and crofii the GJobe^ and cut each 
other, what are they I 

Ciem. Thry are of two Sorts, viz, CirtltJ »f Lsfigituii^ 
litThkh pafs through the Poles of the Ecliptic, and th'n- 
fore at right Angles to the Ecliptic; of th fe there art 
12, which terminate* the la Signs ; and divide the Surface 
of the Globe into 13 cc^ual Parts i thcfe equal Parts ifl 
the Heavens were called the Ctitjiiai Hmjki by Puiemf 
and other ancient Aftrologers, The other bort ire called 
Clrdn tf Didtmmn \ riiefc all paff through the Poles of 
the World, and cut the £ciuino£ttal at ngbt Angles at 
every 30th Degree j they are alfo 12 in Number, and 
divide the Surface of the Globe into other 12 cqu?,! Parts, 
which were in the Heavens accounted the 12 CflfJlM 
Hsufes by that Aftrologer, but otiicr Aftrolo|^ers in after 
Times invented other Divifions of the Heavens for their 
Houfes^ as their Fancies and Superstition fuggtiled, 

Euphrvf* How came they to call thefe Dtvifion» 
Houfes ? And what did they intend thereby f 

Ckm, In ancient Times, when the World was very 
ignorant, Suptrjliitm was all the Falhion | and Impofture 
a venerable Thing. Then was the Tirne far the Men of 
Front J they invented Schemes andFigurcs of the Heavena 
to amufc and furprize the Vulgar, making them believtt 
the Stars w*.rc the very Minilkrs of F.ice> having a 
governing InfliJencc over all Things below* Hear hovii 
SjJemnly Mmtiim$ talks on this Subjei^.^^ 

iVhtn Nature ordtr*d this VGji Fram^ U riftf 
Nature^ thi Gumdian <}f ihtfi MyJierUs^ 
Jndfcdtu/d lucid Bcdies e*tr thr 5iiVf ^ 
Whin Jhi the C&tfCitvt^ whcnci dtn^iy fall 
Stmght Liniti 0/ Infimmt raund tht futd Eall^ 
Had fiW d with Stan \ mid made Earthy fFaUr^ Attp 
A*id Fin^ taih §ther mutmdly refmr \ 
That Cmcord might tlefe diffring Parti €ontrm!^ 
And Ltdgutf sf mutum Aidfupp&rt tb( Whtili ^ 
B a 
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l*bai mthing which th^ Skm imhrme might he 
Fr&m Heavwnt fupreme Command and Guidance frtt^ 
Lmtg time fljt thought^ then hung hit Fatti§n Starts 
Thafe Stafs^ which phid i'th Heart ^f Heaven difp/a^ 
The dr'tghtfjf Beanu^ undjhare the greatefi Su/aj ; 
iFhich keeps a cmjlant C&urfe^ and tiim rejlrmn 
The PiamU P&w'f\ n&w yieid to them Ggmn ; 
Thus fimeiimes' ruling, fimetimes rul'd^ create 
Thrjiratnge find varieus intera urfe sf Fate . L i b . 1 1 1^ 
And every Thing of this Kind was facrcd whkh they 
faid ; yea, focrcdulou!^ wcm the unthinking Vulgar, that 
Nothiji^ could be advanced too mcnllrous and ridiculoiii 
fyt tbem not to believe. Thu3 a jnodem /rrjwjfr Aiiro^ 
loger is gibed by Hudihrafi — 

Cardan he!iev*d great States defend 
Upm the Tip 9' th' Bear's Tail's End\ 
Thai mjhe 'wijk^d it towards the Aw«, 
Stnv/d ^ftighiy Empires up mtd d&wn. 
And as to the Impofturc and Nonlaiie of anticnt Smih* 
fhyers^ fee h merrily ridiculed in his 3d Canto of Part II. 
Bat wc make too long a Digreflionj were it not that fa 
impious %ud fcandAjous a Precvnrion cannot be too much 
#«dlcAi}ed and exploded .— 

Euphrof I do not itndcrftand Aftrolog?, aiid 4 itt 
Fre^nfions artfuch as you ijifmuate, it muil tndeeJ he a, 
vain and |jrefumptuous Thing, and borders vciy nearlf 
on Blafphemy- — But to the Subject of the Globe; what 
are thofc various Figures of Aien^ Beq/is^ &c. on tJic 
Surface, and why are they painted chcre } 

Ciecn* They arc aJi imaginary Beings, and have thefr 
£i«ift<!nce no where but on the Surface of the artificial 
Globe ; I hey were contrived for the fake of Memory and 

tmprehenfim | and arc of very great Antiquity. For th» 
ars appcarirtf, a$ it WKsre, confufcdly dilleininated or 
ftrcwed bvcr the vaft concave Expfinle of Heaven, coylct 
not without fonic Artifice be welJ comprehended by the 
Mind, Of rcmtmbcred with refpe^ to Magniiad4 smd 
Siimti&n. To have given Names to each Star, would 
have been too great a Burthen to llw Memory j and to 
reduce them all to Catalogues, and point thetn out by 
iheir Places^ was a Work of Ages, ^s 1 have ihewed yoa 
WCore. Xl^c Oiiiy E^pcdieat ciiacf<,yrc to facilitate the 

Knowledge 
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Knowledge of the Starsj was to -cofifider and diftribute 
them into various Companies, or Colle^Uons, and the 
^tter to fix the Idea of thefc in the Mind, they invefted 
them with the Figures and Char^ders drawn from Men, 
Beafts, and Things, as would heft fit and fuit with each : 
And to thefe they properly gave the Name of C^nflelktwns^ 
or AJItrifms'y and painted them on their Globes and 
Machines. Concerning whiqh, thus ManHiuS' 

Now Conflellations, Afufty and Signs rthiarff^ 
In order J let them fparkle in thy Verfe \ 
Tho/e which okliqutfy bound the hurmng Znu^ 
And hear the Summer and the JVinter Sun^ 
Thofefirfi : Then thofe which roll a different Way 
From JVeft : Nor fieaven'^ diurnal Round ohey j 
Which Nights ferine difclofey and which creaU 
Thejitady Ruusj and fix the Laws of Fate^ 

Baokl. 
Euphrof, How many Conflellations are there in all ? 
CUon. They are reckoned $b in Number; vi%. i% ia 
the Zodiac ; 29 on the North of the Zodiac \ and 25 on 
|h9 South Side tjiereof. 

Bupbrof. What are the Names of thofe in the Zodiac f 
Cleon. Tht very fame with the Names of the Signs ; W8 
Aries^ T0un$fi Gemini^ &c. which you know very vrcU 
already. 

Eupbrof I do, without a Repetition ;->=-^— but what 
JKames do thoie be^r in the northern Hcmifphere I 
Cleon. The 29 Northern Conftellations, arc 
I. Utfa Minor ^ or the leffer Bear. , 

7., Urfa JUajor^ or the greater Bear^ 

3. Dracoy or the Dragon^. 

4. Cepljeus, 

5* Q^^^9 ^ the SwaH* 

6. Per/eus.. 

7. Andromeda, 

8. Aurigay or the Waggoner. 

9. Coma Berenices^ or Berenice* s Hair. 

10. Bootes, 

11. Corona Septentrionalisy ovNortbemCrown^ 

12. Hercules, 

13. Lyray or the Harp, 

14. A^uila cum Antinoo -, the Eagk with Antmusm 
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15. D^Iphinm^ or the Dolphin. 

16. Equukus, 

jy, Pfgafui ; the Winged Harfu 
18, Tr'ianguiui \ the TrictngU^ 
tg, Cajftopeia, 

20, Strptntarm^ or Ophiuihuu 

21, Ltictrta ; the Lizani* I 

22, Serpem Ophiu£hi ; the Serpent 0/ Ophiuduu '*^* 

34- Sagifta I the Arr&w* 

25. Or/flff ^i/m 5ftf£* ; Ormi W/^ <} Ski fid t 

a6. Cffmekpardus, 

27, ^i^'j/^r f«/^-Fj Vulpecula \ the Gp^ w»VJ& *i&^ /Is*.^ - 

28. Z^ftf Jt^fHjr J the /(^r /./*». 

29* Canes Venatici j the Courjing D^gs<. ^ 
Euphrof I obferve them all in the Order you have 
named them; and more than thcfc I fee which you have 
not mentioned — as that Scar in the Uc^n there, t^r, 

CUen^ Very gotid. Sifter ; you mean CV Carsii^ or 
Charies*% Hearty which is a new St:^r, unkiiowii to the 
ancient Aftronomers, atid therefore not contained in any 
of their Conftellations, Befides ehis^ there arc divers 
other Stars of lef> Note, not reducible to any Conftclblion^ 
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13. Pavo; the Peacock. 

14. Pbaenh. 

15. Sextans \ the Sextant. 

16. Triangulum ; the Triangle. 

17. Toucan^ or American Goofe. ' 

18. Apom\ the Indian Bir J, 
^19. Columba Noachi *y Naah^s DeVi* 

;to. ^zi/j ; the /yy. 3 

21. Robor Careli. 

22. Jdydrusy a Serpent. 

23. Px/f/x wAjtjj ; the ^^/nff f (^. 

24. Chameleon. 

25. Xiphtas 5 the Sword'fijb. 
26 Cn/;e; the Cr^. 

27. /»ii<x ; the Indian^ 

28. Corvus i the Raven. 

Thefe Conftellations^ you fee, are all diftindly painted 
on the CeJeflial Globe, with here and there fome extra* 
conftellated Stars, as I obferved to you before. 
' Euphrof. They are all fo plain, that they who riin tazj 
read them. Pray, Cleonicus^ are not thefe Conilellations 
of very great Antiquity ? 

Cleon. Yes, my Euphrofyne, for fome of them are 
mentioned in the Writings of the moft antient Hiftoriaa 
in the World. 

Euphrof. 1 fuppofe you mean Job ; for in that Book I 
have read of ArSiurus^ Orion^ the Pleiades, &c, 

C/eon. Yes, that is the Hiftory I mean. It is fuppofed 
by learned Men, that Job lived in Arabia, and wrote his 
Iliftory before the Time of Mofes, and therefore is the 
moft antient of any extant \ and fince he fpeaks of the 
Conftellations fo particularly, and by the Names they 
now bear, it muft follow, that the Method of computing 
the Stars, and diftributing them into Companies or Con* 
ftellations, is of the greateft Antiquity of any Thing in 
the liberal Sciences,— Thus Job in tne xxxviiith Chap, 
makes Mention of the Pleiades, or Seven Stars, of 
Mifzzaroth, or the Zodiac of the 12 5/^^^,— of the Con- 
ilellations Orion and Ar^urus, and the Ordinances of 
Heaven, which he calls the Chambers of the South, in 
Chap. ix. and undoubtedly means the Southern ConfteU 
fetjon?, or Divifions oif the Heavens, ' ^ . 

B4 
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Euphr&f. I obfcrve, as I look over the Conftellatipns 
on the Globe, that fomc Stirss are very larg^i aofl ofl^ers 
very fmaU \ pray, how many diffcTCAt S<?rt$ or S\%£^ of 
Stars do you reckon ? 

Cle&n. Aftronomers reckon Seven Degrees s/MagmtMiU 
in the StarSi — you fee here an Example of thecn aJ], which 
Mr. Sejjex h^sjixedan the Globe in this Row of St*rs, 
gradually dtminifhing from the grcateft to the leaft. 

Etiphsf, The large ft, 1 fuppofc, you call the firfl 
Magnitudf^ do you not ? 

CU$n, Yes, my Ettpbrs^ne^ the largcft Star^ arc 
thofc of the Jirft Magnitude, which you fee cojifift (on 
the Globt) of fix large, 2nd fix fmall radiant Point$ or 
Beams ; by which* as well as by their Magnitude, they 
are very eafily diftjnguiflied all over the Globe j as the 
Stars m the Firmament, whtcli the}' rcprcfent, are larger, 
mare fcintillant) and hrmiant above the Rcil:. 

Eufhr^. Yes, I cafily diftinguifh them from the Rcfl 
on the Globe i but I obfcrve they arc hut few in Number | 
and moft of them have Name& I ftc affixed ^o them* 

Ck^n, They arc indeed but few in Number j Ire* 
member Mr. Fhmfii&d^ in his Hijhria Cct^kjlh^ makes 

but 15 in both Hemifphcres, but on this Ccleftjal 

:ell about 
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In the Zodiac— — 
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In the S. Hemlfph. 

SuqpLof all tbe Stars 



Euphrof. The Stars of the 6th and 7th Ciaft, I imagine, 
we muft have good Eyes to difcern. 

Cleon, They are not difcernable by the bcft Eyes, but 
with the Tpkfpope only j and arc therefore cajlcd f//^ 
cqp'u ^taipsy as I have before hinted.—- — Yta, not one Eye 
ifi fifty can fee Stars of the 5th Magnitude diftin^ly 5 and 
they muft be tolerable good Eyes to diftinguiih a;id cnUf- 
iperate 8ta^ of the 4th Order. 

fvphr^f. Well, I think we have talked of thj» Mag^ 

Situde of the Stars, till the Star^ of every Migwtudi^ 
nnc vcify bright.- — — -Thiij is ^ glpfipys Sttr-ligfat 
i}ight, but very cold. — r— ^ 

TUeoft. It k always obfervahle, that the q^ilder tjie Ni£^ 
the clearer the Stars fhine, if there be no Cloudfi. I can*, 
not help recolledliqg fopie choipe ReSe^iqns OA the Stars, 
a Gentleman madie, a^ )%« ^bi^ed tKen^ qo9 N%hlL in a 
Journey from PaUtft/h to 4n^0^9 and which may ferve 
to conclude our prefent Specul^ion. 

2fow deepening Shades c^fifs th* Jppro^k $f Ni^bf 
Jmperfea IfiMga ^lud$ ttii Sigh- : 
From ianthly ObjfSU / raotfus miti4 Pye^ 
And viituf %ulth LatJc 4re£i tb^ vaulud Sj^^ 
JVbire dimly Jhiniiifg. n9W tbi Sfars appear ^ 
Atjirjl thin-fcaU'ring thv(( «^ v^ifly Ah \ 
^Till Night cMprnCd^ birjetfy Thr^ta^iftdt^ 
On her the Moon m (hiuUd State attends^ 
Butfoon unviiPd hfr f^fly F^cf isfim^ 
And Stars unnumher'd wait arwnd thfir ^fbun^ 
Ranged by, their Maker'; Hm4 injtffi, Arragf^ 
They march W^ejiic thr(f ^' (thireal ff^4iy* 

Ar4 theje bright l.t(mixaries hwtg on, high 
Only to pUafe wit^ tViinikng JSsys $ur Eyt f 

Or 
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Or may wt rather count each Star a Sifn, 

Rfiund ivhich full peopled Worlds their Csurfis runf 

Orb ahmfi Orb harmmhufly theyjietr 

Thitr v&rhus Fayaga thro' B^as ^f Air, 



DIALOGUE 11. 

Of the Twehe Constellations of the Zo- 
" D I AC, wi/i/iwr Fabulous History* 

Euphr&fym, 

J' Thinfc, CUmicuSj you intimated bft Night, that wc 
fhould next take a more particuhr Survey of the 
onftellations i and of the Origin, Hiftory, ^c, of each 
of them* 

Cltm* Yes, my Euphro/yne ; and To-night wc'K begin 
With the Tweive Cenfltlmtism f>f the Zodiac ; for tfacy 
offer themfelves fir ft ^ as being the moft confsderablc ana 
noted of all in the Heavens. And here we lb all imitate 
the antient poetical Aftronotner Maniliut ; whoj being to 
give an Accouiit of the ConflcUations, Aril rcKeaxfe? 

&cm in the following Lines.^ 

Firjl Aries, ghrisus in his gulden WhI^ 
Lo^ks hack^ anJw&nders at ike mighty Bull* 
^ IVbofe Back'parti firfi appear : He Bending lies 
JVith ihreafning Heady and £alh the Twins u rife % 
They chfpfir Fear^ and mutually emhroce ; 
And next the Twins with art unfieady Pace 
Bright Cancer rdh : Then h&ojhakei his Mant^ 
Artdfilkwing Virgo mlmi his Rage again : 
Then Di^ md Night are weigh* d in Libra'j Sc&ttT^ 
Bfual a-while, at lajl the Night prevails^ 
And hnger gr§wny the heavier Scale inclims^ 
And draws bright Scorpio fritm the tPlnter Signs : 
Him Centaur yi//owi with dn aiming £ye^ 
His B9W fuU drawn and ready to l^t fy : 
NeJtt narrow Harm the twijhd Caper Jhews^ 
And f rem A i;) nan us* Urn a Flofid d'erjlows^ 
Near their hrfd Waves cold FiCcea tales their Sea^^ 
ff^ih AricsyWff| ^nd make tht Rsund ifmphat^ 

3 U\ 1% 
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Suphrcf Well, 'tis very pretty, to fee, u you turn the 
Globe, how the Order, Situation, Pofture, and.Attltudes 
cf the Conftellations anfwer to the poetical Defcription* 
■■ ■ But to be more particular, and- begin with Arus^ 
how came this Conftellation by that Name and Form ? 

Cleon, Becaufe, as 'tis fuppofed, the moft antient Chal» 
dean Aftronomers obferving the Sun to enter this Sign, at 
^ Time when the Fields and Hills were moft remarkaJ>]y 
replcnifhed and overfprcad Aieith Flocks, vaftly encreafe4 
with the new Produce of Lambs, which (as the paftoral 
Lite was then moil confiderable) they efleemed the moft 
profitable Part of the New-year'? Produdk ; to fignalize 
this Seafon, therefore, they thought fit to call this Sign, 
or Conftellation, by the Name of' the Principal of thf 
Flock, Ariesy or the Ram. At this Seafoh Virgil ob^ 

ferves — 

An Hundred Lamhf 

Attend with bleating Cries their milky Dams* 
And in another Place, fpeaking of the various Produfts 
pf the Spring, he fays, 

JVith milder Beams the Sunjecurely Jhines^ 
Fat are the Lamhs^ and lujcious are. the fVtnes* 

- Georg, L 

Euphrof. But though this feems very natural j yet, if 
I remember right, the Poets give a dificrent Account of 
this Matter, ' 

Cleon, Yes, they do fo j 'tis this Ram and his Golden 
Fleece^ of which the Poets tells us fo many Stories and 
Fables \ the Grounds of all which is thus fabulated.- 
Athamuiy King oiThebeSy had, by his Wife NepheUy a 
JSon named Phrixusj and a Daughter named Helle; he 
afterwards married another Wife, Ino by Name, who fell 
in Love with Phrixus j but, negle^ed by him, flie had 
an extreme Averfion to him ; and there happening ^ 
Dearth of Corn, {he perfuaded AthanuiSy that it could not 
be remedied 'till Phrixus and Helle were facrificed : But 
3S they flood at the Altar, Nepheie^ (i. e. a Cloud) tock 
them away, ^nd gave them a golden Ram that (he had 
received from Mercury. On this Ram they fled through 
the Air from Thehes^ and in their Plight Helle fell ofF into 
|he Sea, which from thence was called HelUfpontuu 
Pfirixuj arrived at Prixada^ where, laying; himfclf down 
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Co Reft, the Barbariaiis were coming to kill hiiii; buttfie 
Ram awaked him, and gave him Notice with a human 
Voice, and then carried him to Cokhh^ where he wza 
Jcindly received by Mtat\\t, King^ who facrificed the Ram 
to yupiter^ and hung up his Golden Fleece In the Grove 
<if Mari\ there it was kept by Bulls, which had braxen 
Feet and breathed Fire, and allb by a great Dragon : The 
Ram was afterwards laid to be taken up into the Skies, 
and made the ConitdUtion wc are now fpeaking of, 

Euphrof, In forac fuch Manner too^ I fuppole, yo« 
deduce the Origin of Taurus^ or the Bull, which is the 
next Conftellation* 

Ckim^ You guefs right ; for as Calves were the next 
confiderabk Product of the Spring, which were now 
(when the Sun entered thisConftellation) full-grown and 
fit, and led out from the Stalls to the Fields, the Altars, 
or the Butchers ; fo the prifline Allronomers and Herdf- 
men denoted this Seafon, by attribu ting the Name of the 
Sifilto that Sign the Sun then pofleflbd* And Virgil^ by 
reafon of a Star in the Tip of each Horn, takes occafioa 
to call them Gulden Hmrm^ in the following Vtrfes, 
Whin wiih hh Golden Horns infitU tof^eer^ % * 
Tht Bull i^eats down the Barrhrs sfths Tear, 
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UeJbiniHg Terrors Jparkied in bit 8i^, 
But his Eyes Ismgutjb^d wHh a gentU Light 5 
His n/ty Look was fracefiit^ and expre/l 
The Softnefi of the Lover in the Benft. 

A^VkOv' s toyal Daughter J etsJhefUrfi 
Am^ the Fields J the MHk-white BxxWfurvefiy 
And vielv'd hisj^ilefs Body with DeHgbt^ 
And at a DiJIance hfpt him in bef Si^t. 
At length Jbe pkck'd the rifing Flov^rs^ anifei 
the gentle Beafli andfohdfyJhoJtd Ms Head. 
Hefiood well-flea^ d to toeih the charming Fair^ 
But hardly could confine his Pleafure there. 
Altd no^ he wantons v*er the neigh^ring Strand^ 
Now rolls his Body on the yellow Sand; 
And finding allUe Virgin's Fear decay* dy 
Comes uffingforhoard rt the royal Maid ; 
Gh0t het ms Breaji toftroke^ and downward turns 
Fits gri fly BroWy and gently Jf oops his Horns, 
InjCtAy Wreaths the Royal Virgin dreft ' 
fits knding Horns, and kindly chpfd his Breajf. 
*nU Mw grown wanton, and devoid of Fear, 
N^ knowing that ftie prefCd the Thunderer, 
Shefiitd her f elf upon his Back, and rode 
0*ir Fields and Meadows, feated on the God. 
He gently march' d ttivng^ and, by Degrees, 
Lefi the dry Meadow, and approarh'd the Seas, 
Jrhete now he dips his Httofs, and wets his Thighs % 
Now phnges in, and carries off the Pri%e. 
the flighted Nymph looks backward on the Share, 
And hears the tumbling Billsws round her roar : 
ButJliUJbe holds himfaft, with one Hand born 
Vhon his back, while r other grajps a Horn. 
The Train of raffling Garments flies behind. 
Swells in the Air, and hovers in the Wind. 
Tlm^ Storms ahd Tempefis he the Virgin bore^ 
And lands her fafe on the Didlean Sh&re \ 
JVhere now in bis divinefi Form arrafdy 
in his true Shape he captivates the Maia j 
iVho gazes on him, and with wondering EyeSg 
Beholdt the new, mrrjeftic Figure rife', 
Views his bright Features, and his native Lighf^ 
AsidwU tbi God difciruei'd ta her Si^. 

Metam. IL 
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Euphraf. This BuU makes a very confiderable Figure 
in Poetry, as well a* AJlronqmy, I find.~But, pray, 
Cli&Mum^ what Origin do you give to the Twins^ or 

Clem. Thcfe owe their Origijid to the fame Caufe, 
in all Probability^ with the twa foregoing i for at this 
Time, (^^i%. about Aftry^ when the Sun '.11^ this Sign) 
the Younj^ of Gs^ts were in their Maturity an J Perfec- 
tion I and were oftencr than any other Beafts, brought 
forth by Pairit «>r Twins*, which the Goat-herds (in 
am lent Timcsj being very confiderable) denoted, by 
giving the Denomination of Gfmins to the Si^n. — 

EiiphtQf Very good ; but what do the Poets fay 

of ihis Sign Gemlm? 

CUm> They tell us a Story of Ca/&r and Pollux^ 
two Sons of Leda j the Latter by Jupiter^ and was there- 
fore immortal j the Former by her Hufband Tynd&ru$y 
and therefore mortal, — When Jafon undercook the Ex- 
pedition for the Goidin F/^ccty among other Heroes were 
C^ior and Pollux \ W!*o behaved thcmfelves very valiantly 
during the whole Voyage, Li a Storm which happened, 
two ft range Fires appeared playing about the Heads of 
Cqflor and PoUuXy and foon after a Calm cnfued, which 
made it thought there was fomewhat divine in thofe 
Youths. It happened afterwards, that Cajhr^ being 
mortal, w^s kiJKd, and Pdiux begged of Jupiter to make 
him immorial, which not being polTtble, he only ob- 
tained, that his Brother fhould fliare half his own Im- 
mortality, fo that each Day they akernately lived, the 
One in Heaven the Other in Hell. — They were at laft 
placed among the Stars, and made the Conftdlation 
Gemini^ which you fee on the Globe, denoted by the 
two Youths, with each a bright Star in his Head, and 
fhcir Names Cajf^ and Pollux to diftinguiih ihcm, 

Euphrcf. Thit the firi^ Aftronomers ^ould give the 
Names of the Ram^ the BuU^ and the Twinir U^ thefc 
Conftellations, you have given a fuflkicnt Reafon j but 
what Hiould induce them to call the next ConftcHation 
in the Zodiac, by the Name of Cmifr^ or the Crah ? 

Citm, You'll obfcrve a good Deal of Propriety, even 
in thi«j if you confider, that the firft Obfcrvcrs toolc 
Notice ef the Sun^e gradual Afccnt above the Equi- 
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nofiial tQ a certain Height or Mcridtaji Altitude^ Troiii 
whfch u afcerflrards declined a|^tn, and defcended as 
gfajdually ; and then, by what Mcana could they more 
pertinently commemofate fo notable an Obfcrvationp 
than by the Rttngrede^ ^r fidt^ottg Miction &f a Cfahf 
And the Poets afterward, to make good their Pan, tefl 
us, that this is the Cr^ih which J^nif feat to bite and 
molcft HtroiUst while he was dcftroylng the Ltntdean 
Nydtd^ for which, when Hircula had killed the vexa- 
tious Antmalf Jum placed him among theSurs. 

Euphrcf. But how came the £iW, a Creature in all 
Refpcds fo different from a Crah^ to fuccced immediately 
theO-^^f 

Cltm. As among Animals the Ltm is the moil powers 
fill, iierce, and ftrong i fo among the Months of the 
Year^ that Seafon in which the Sun occupied this Sign, 
the Sun*i Heat and Effc£l5 were more fierce and violent 
than in any other, i, r, about the latter End of July^ 
^nd the Beginning of ^&r^a/? ; and from thU Similanty^ 
the Conftclfation is fuppofed to have had its Name by 
the llrft Obfervers of Time* 

Euphrfif This feems probable enough j and I queflioit 
not but it furniihcd the Poets with an ample Theme for 
Invention, 

Chon, It did fo ; for thcy tell us, that this is that 
Wemamt LUn, which Jum procured from the Mhon^ 
and fent againft Hircules to kill him -> but Htnuiei tore 
him to Pieces with his Nails, and made him a Shield arid 
Breaft-platc with his Skin, This made Jum hate him 
ftill more, and on the Lhn bcflowod that celejlial Dig- 
nity he has ever fince enjoyed < 

EufhfQL Well, CUsmtut^ I perceive the Aftronomers 
have paid a very early Re^rd to the Ladies, by the 
Compliment of placing VlrgQ^ or a Virgm among the 
Stars J pfay, what was the Occafion ihereoff And 
whence thofc Wings, and that Wheatiheaf in her 
Hand? 

Clun, About the Time the Sun entered this Sign, the 
Harvcft was pretty well over ; and now the young Dam- 
fcU appeared and fpread themfelves over the Fteld», glean ^ 
ing up the Ears of Corn. And as they made this the 
moA agreeable Scene of raral \M^ the AftrQnomers 

4id 
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did tliem the Compliment of a CotiftellattOri of theTr owrt 
Sex, and gave thcrrt a Handful of Wheat to fhcw the 
Occafion. They alfo depicted her wtth Wings ^ to tktw^ 
the Harveft had, as it were, taken its 'flight, aiid bid 
them farewd *tiU the next Tmr. 

Bubhrtff And pray, what have thd Pofcts ^ tky oii 
this Occafion ? 

Chon, Enough, you may be (uit ; they tell us, fhc 
was the Daughter of JupiUr ai^d Themis^ and the Prm- 
€jfi e/ Jujfke^ by Name AJirda \ they feign^ that in th^ 
GddtnJlgf^t defcended from Heaven to the Earth, and 
treing olFcnded at !aft by the Wickedncfs of Mankind^ 
fhe returned to Heaven again, afti^r all the other Gods 
who went before her, where (be obtained the Dtfrnity of 
a Conttellation, as defcribed in the fqllowing DUUch i 
All Duty dm ^ dnd tvearhd }\i^\zQ fi'm 
Pv&fn hindy Earth at hj^^ ^nd mmnis the Ski. s. 

And firg'dth\i% : 

Julticc iafl hok hit Flight fr&m hence ^ and here 
The Prmts of her departing Sicps appear* 

Dryd, Geo'rg. 11. 
Euphr&f^ As to Llhra^ yon have already hinted the 
Reafon of the Name, from iIk Equality cf Days and 
Niihis } but I want to know what k futd of thi« In fabii- 
Jous Hiftoi;y. 

ClesH, When Jufilce fled frohi Earth tb Heaven, *tis 
natural to thinkt the carried her ^cahi with her, whah 
might be made this ConrteUatlon ; and I wonder to find 
the P§ei% and Aiyikhgijh ft lent In this Particular, How- 
ever \t is fuppofcd, that the exceeding UlVfuIncfs of the 
Balance^ when fir^ invented, excited Men to commc- 
inorate the fame, by placing them among the StaVs, 
And indeed what Invcntkjn could dcfcrve it more, than 
that wliich is the TeJ! and Staitdafd of Juflhe amon^ 
Mankind ? Thcfe are the celcftiaJ Scma^ In ^him 
Jtrue ?s fcjgried by Homer, to Weigh out the Fate of 
lV[ortaIs4 and^ in particular, that QlHe^Qr^ ia the Ijpl-' 
lowing LinCh. 

J' ^(J/ ^s/ir/ifw Balances, ih^i Jhezu 

Tvt tiuci iif morta! Aien^ andHmgi helm i 
Are esch €mttndlng Tler^^s tot Be vks^ 
And weighs f with equal Hand^ theh Dejlmks. 
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Lffwjmk$ the Scale, furcharg*d ivith Keillor's Fatt ; 
Meavf with Dinth itfinh^ and Hill receives the Weight* 
And of this Balance too^ Virgil fpeaka in the foilowing 
Lljie^. 

But when Aftrca'j Balance, hung an htgh^ 
Betwixt the Nights and Days divides the Sky j 
*rhen yoke your Oxen^ Jew your PPlnter Grain ^ 
' Till iTtf/^ Decern bcr c(mtes with driving Rain , G eor. f. 
Eupbrof There are doubtlefs many Things of Icfi 
Merit, advanced to the Stars; elfe, pray, how came a 
Sci^rpi$n there ? Who would have thought to have found 
fuch a terrible, fuch a noxious Animal in the Heavens I 
Cle&n. When you confider, that during the Seafon the 
Sun is in this Sign, the Weather is generally very bad^ 
and all Kinds of Dlfeafes now begin to invade and infeil 
Mankind ; as Calds^ ^gveSj Afhmm^ Fevers^ &c. as alfo 
that this is the Introduction to the cold and comfortkfsp 
the dreary and deadly Seafon of Winter ; I fay, when 
this is confidered, you cannot think it ilrange, that the 
firft Obfervcrs gave this Sign the Name of Sc^rpi^^ being 
foapt an Emblem of the Seafon* — The Poets tell us, this 
was the Scsrpien which flew Orim for his Arrogance and 
impudent Defign on Diana ^ 

Euphr&f I think I remember a PafTage in Ovid^ where 
It h faid, that Scorpio fills the Space of two whole Signs i 
how is that to be underftood, Cleomcus ? 

Ciem, Some of the Antients feemed not acquainted 
with the Conilellation Libra^ and therefore they aligned 
all the Space from Virg$ to Sagittarius to the Pofflefiion of 

S€srpi& i and therefore Ovidhys 

There is a Space above y where Scorpio hent 
In Tail and Arms^ furrmnds a "uajt Extent | 
In a wide Circuit of the Heavens he Jhines^ 
And fills the Space of two celejiial Signs ^ 

Metam. IL 

This is alfo evident from p'trgiPs Compliment to Cafar 

Augujlus\ for when he propofes to him the Divinity of a 

ConKcIIation, he aJHgns him the vacant Place between 

Virgo and Scorpio^ in theie Lines, 

Or wilt thou bltfs mr Sumfmrs with thy Rays^ 

Ani^ (esiid ne^t the Virgin, pgife our Days : 

VoL.IL C mere. 
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Whu'i^ in thi V&td of Htad^n^ a Space ufrtt 
Btilwixt thf Scorpion and the Maid fir theei 
TZfi' Scorpion rca,y to receivs thy Lows ^i« ^ 

Tulds half his Ri^iorij and contraBs hh Ciaivs. 

Georg. L* 
Enphrcf Well, I fee Agronomy is ufcful, too, for 

unde.'ftaiu'ing the Poets, But what does Sa^itl&rius^s 

Bow denote ? Is it not the hunting Seafon ? 

Chiifj. You gnefs very right, my Euphrsfyne ; his Bgw 
4ind Arrow point out the Sportfman, whole Seafon now 
commences.— 

Ettphrsf But how cornea he to be reprefented with thft 
hinder Parjt an Horfc ? 

Cleon. This *s altogether owing to Fable; they tell us 
of a Cpntaur, whofe Name was Chiron^ the Son of Saiur» 
and Phj/Iyray a learned Phyfician, and Preceptor to the 
famous Milks ; Hercuks's Dart, dipped in the venomous 
Blood of the L^rnaan Hydra^ falling on his Foot, gave 
him an incurable Wound \ he dcfircti to die, but could 
not, being born of immortal Parents ; who therefore took 
him up to Heaven, and made him a Conftcllation. 

Eupkrof. ^Vhat monftrous Things the Poets relate ! — 
And pray, wh^t fay they of the next Monfter, Capri corn ^ 
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At jcngth, he reftorcd the Goat to Life again, gave her 
a jicw Skin, and phced her among the ConfleJIationt of 
Heaven, Oihcrs fay, that Pan^ a Man upward^^ and a 
Goat bcbw^ was at laJl changed into this Conftcllation, 
as being the God of the Woods and Shcpherdii, and 
Guardian of their Flocks. But as to th^ FUh-part of 
Caprksm^ I take it to be a Fancy of modern Date, 

Eufhrsf, Aquarius^ I fee pouring his Water from Hea- 
ven ; I'll venture to guefs once more, that this Figure is 
an Emblem of a rainy Sisfm* 

CUm, And you are very right ; for Virgil ufes the 
Term Aquarim (by a Metaphor) for iVtntMT^ as it is 
aJfo t ran Haled by Mr. Drydtn, — 

this during Winter's drifly Reign be d&nt, 
'Tin Aries receives if)' exalted Sun, Georg. TIL 

But the Poets tcH us, this Jquariu^ when on Earth, 
was that beautiful Youth Gmymedty Son of Traj, whom 
an EagJe (Tent by Jupiter) fnatched off from Mount Ida^ 
as he was hunting, and carried him into Heaven ; where 
Jupiter made him his Cup-bearer, and whom he attends 
at ail his Bantjuets with flowing Cups of Nedlar. — ^Or 
thus J according to Ovid : 

Dijguii\d in Eagle's Plumes he d&wnward fiiei^ 
And bears the Phrygian %juiib him U the Skies 1 
There he fir Jove (in Spight of Juno'i Frtnvns) 
Thefi^wing Bowls with purple Ne£lar crawns, 

Metami, X. 
Euphrsf, The Evening grows late, Ck&nicus ; we have 
but jult Time to enquire about the laft of the twelve 
Conftellations, which you call Fifiety or the Fijhesi pray^ 
tell me in brief their Original. 

Cledn^ The Filh, being at the Time, when the Sun 
enters this Sign, moft in Seafon, gave Occafion for the 
Denomination thereof; though the Poets tell us other 
Things : They give two Reafons for the Divinity of the 

Fijhes :■ The firft is, becaufe in the War with the 

Giants, Venus being difturbed, converted herfelf into a 
Fifti _j — the Second, becaufe a Dove fat once upon the 
Egg of a Filh, in the River Euphrates^ and at length 
hatched a Goddefs of great Goodnefs^ and merciful to 
Mankind, On both thefe Accounts the Fiflics were 
held facred^ and placed among the Stars. — And let this 

C % fulEoey 



to THE YOUNG GENTLEMAN 

fiidicef mv Euphr&fym^ for the Original and fabylou^ 
Hiftory of ^he Con^ellations of the Zodiac j the next 
EytnJng wc wili fpend in purfuing the Cime Enquiries 
iclacifig to the ConilellatiQm ia the northern Hemifphcpe- 



DIALOGUE m. 

Of tbi Constellations of th Northern Hemi- 
sphere, with their Origin, and Mvthologic 
Hiftory. 

Euphr&fym, 

THE PIcafure of our laft Convcrfatjon has made 
the Time fcem long ere the next returned. -■ ■ — 
I muft ftiJl cxpe«5l to be indulged the Liberty (though 
tircfome) of continuing the Enquiries I have begun, in 
xelaiion to the reft of the Conftellations which I fee 
fpread over the Surface of the Globe* But, pray, which 
of them will it be proper to begin withat ? 

Ckon. Thofe of the Northern HemifphcrCj or on th« 
North Side of the Ecliptic ; and then proceed to thofe 
on the Southern Side, Thefc wilJ gv^e us Occafion to 
rchearfe moft of the pleafant Stories of the Poets and 
Fubulifb, in relation to their fictitious Original, and this 
h all wc muft here cxpedt* 

Etiphrof And which of thefe do you hold it proper to 
begin with ? 

Ciisn. With the two Bears, i/iaj. Urf& Mnj&r and 
Urfa MifWf\ as being the moil northerly. 7'hc Greater 
of thefe was called jir^n and Hiih^ by the Greeks % and 
the LcfTer, Cymfmn^ becaufe its Tail was like that of a 
Dogn The Gicitcr of thefe B^an^ was once the fair 
Caitiff f Daughter of Lycmn^ who being deflowered by 
Jupiter y was, by the Rage of Ji/we, turned into a Bear ^ 
suid her Son Ana% into the Lfjftr B^ar \ but the Difgrace 
was taken aw^y, by yupiur*& advancing ihem to Heaven, 
and making thein two fuch remarkable Conftellatioiis. 
I'hcfe B^ars conftantly circulate about the North Pole, 
and never go below our Horizon ; on which Account, 
f#rf i7i fpcakijig of Dra0^ and the flmrj, fay a j 

JfiMMd 
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Around the Pole thefpiry Dragon glides. 
And like a winding Stream the Bears divides s 
The Lefs and Greater, who by Fatis Decree, 
Forbidden are to touch the Northern Sea. 

Georg. I. 
For Juno being enraged at their being taken up into 
Heaven, defired Tethys, (the Goddefs of the Ocean) that 
ihe woulJ never fufFer Calijlo to bathe in her Waters. 
When ]uno /aw the Rival in her Height, 
Spangled with Stars, and circled round with Light y 
She fought old Ocean in his deep Abodes, 
And Tethys, both rever*d among the Gods, 
They ajk what brought her there ! " Nier ajk, fays Jbif 
What brings me here, Heav*n is no Place for me. 
Tonsil fee, when Night has covered all Things o*er, 
Jove's ^arry Bafard, and triumphant Whore 
Ufurp the Heaifns j You'll fee *em proudly roll 
Jn their ne^v Orbs, and brighten all the Pole. 
And who fhall now on Juno'j Altars wait. 
When thofefhe hates grow greater by her Hate ? 
I on the Nymph a Brutal Form imprefs'd, 
Jove to a Goddefs has transform'd the Beaji ; 
This, This was all my weak Revenge could do : 
But let tfte God his chajle Amours purfue. 
And, as he aSied after lo'i Rape, 
Rejlore th' Adultrefs to her former Shape; 
Then may he cajl his Juno off, and lead 
The great Lycaon'j Offspring to his Bed, 
But you, ye venerable Powers, be kind. 
And, if my Wrongs a due Refentment find. 
Receive not in your Waves their fetting Beams, 
Nor let the glaring Strompet taint your Streams,'* 
The Goddefs ended, and the Wifh Was giv^n.—^ 

Metam. II. 
Euphrof. But what is that terrible Serpent, or Dragon, 
you mention, which I alfo fee between the Bears ? And 
now came he there ? 

CUon. This was the Watch-Dra-^^^, which Juna 
appointed to keep the Garden of the Hefperides, three 
Daughters of Hefperus, Brother to Atlas. In thefc Gar- 
dens were Trees that bore golden Fruit, which Hercules 
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attempting to fteal, firft flew the Dragm^ which was 
afterwards made this ConiVellatJon. 

Euphrof. On the other Side the Lijpr Bior^ I fc?c fome 
great Perfonages furc, Ccphtm and Cafftoit^ Pirftm and 
AndrQtTuda-t are not thefc very memorable Names ia 
Hiftory ? 

CUsn. Yes, more efpedally fo in fabulous Hlftory* 
Cfphtus and his Wtfc CaJJi&pe^ were King and Qi^icen of 
Ethkp'w^ and Andr^mtda was their Daughter ; ihe was 
bound to a Rock to be devoured by a Sea-monfter, by the 
Nymphs^ becaufe her Mother Caffiope proudly preferred 
her Beauty to theirs* — You fee the Fetters on each 
Hand. — The unhappy Cafe of this fair Nymph reached 
the Ears of Ptrfiui^ Son of Jufjur and Dmai^ who, 
with his Falchion, and Wings to his Feet^ (which yoa 
fee) took his Flight through the Air to Ethiopia^ where 
he flew the Monfter, releafed Andrameda^ and then mar- 
ried her. They were all afterwards placed among the 
ConftcJIations, where they make fome of the bright^ft in 

the Northern Hemifphere,^ ^This remarkable Story 

is foicly told by (hi'td^ which is in Part thus 

Naw /Eolupj the Evening boljfrous IVlnd 
Had in iternal Caves with Bars CQnfin'd^ 
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Then, near ber^ takes the Rock^ andy O / /aid he^ 

Bright charming Creature^ fitter far to be 

In fame kind Lover^ s fofter Arms enchain^ d^ 

Than with the Weight of barbarous Fetters pain" d -, 

Tell mey fweet Maid^ tfjy Country* s Name and thine. 

And why thee thus to Rocks thefe ponderous Chains confine ? 

Silent a-while the blujhing Virgin Jiafd 5 
Of manly Converfe, rarely us^d, afraid ; 
Only her Tears, which Jiill flje might command. 
In her fair Eyes like rifing Fountains f and. 
Her fnowy Hands her modefi Looks had hid. 
But that rough Chains her fnowy Hands forbid *y 
Oft ajk'd, {teji Silence Jhould her Guilt accufe) 
At loft jhe both her Name and Country Jhews, 
Scarce Half her Tale was told, when founding Waves 
Her Fate for cjhew, the hideous Monlier laves 
His Sides with Seas, which to his raffage yield. 
And whelms his Bulk o'er half the wat*ry Field. 
The A^aid fl)rieks out ; her mournful Father crieSy 
Her Mother too vjith equal Plaints replies. 
Both wretched now ; but much more jufily Jbty 
Whofe vainer Pride deferv'd her Mifery, 
No help, alas I but ufelefs Tears they bring. 
And, crying, round tieir fetter* d Daughter cling ; 
IVhen Perfeus thus ; Weep thus no more in vain. 
Few Minutes only now for Help remain. 
Should I, fair Danae'i Son by thundring Jove, 
Perfeus, th^ Offspring of his golden Love j 
Perfeus, MedufaV Conqueror, Jhould J, 
Who thro' the Air with certain Pinions fly j 
Should I your Daughter for a If^tfe demand^ 
I fare might in your Choice the fatrefl Jland. 
But I to thofe will greater Merits join. 
If Heaven but fecond now my bold Defign ; 
And beg her as my Love!s vicarious Deed, 
If now from Death by my Afftjiance freed. 
His Offer gladly both with Prayers embrace ; 
For who'd refufe it in that defpWate Cafe ? 
And, for a Dow'ry too, that Crown engage, 
^00 weighty grown for their declining Age, 
Now, asfome Galley, forcd with Oars and Tides 
flows up thi Ocean with its foaming Sides i 
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Sg thi pr&digiom MonJItr^s h&rrid Force .^ 

Breaks up the Waves tvhh an impetuous Courfey 

And mw no farther G_^ than me might fiing 

A Bulla with a Balearian Slings 

The gaiiant Youths ^ith fuddtn M&tion^ fP^iH^ 

Fr&m Earthy and cuts the Air with a&ive Wingi ; 

And as the hovering Heroes martial Shade^ 

With Trembrmgs on the wat'ry Surface plafd, 

7he Beqft enra^d at the thin Phantom gretUj 

And at the Shade with utmsjl Fury few. 

But as Jove*i Bird^ whenfnfm a Claud he fpiet^ 

H^'here m fime Plain a Dragon bafiing lies^ 

Stv^ps^ at his Backy and to prevent his Jaws^ 

Thro'sfealy Neck his crmhd Pounces draws j 

So he the Air with nimble Hungs divides. 

And plies the Mcnjier*s Back and rolling Sides % 

And with a lucky Thrujl his Shoulder rives. 

And up to ti/ Hiity his greedy Fakhim drives* 

Struck with fo deep a IVmnd, the Monjhr ravtt^ 

And fiercely hands above the frighted tfavesi 

Then dives again, and with a dreadful Sweeps 

With thick black Gore dijlaim the boiling Deep^ 

And m a Boar^ which eager Hounds engage^ 

So ev*ry Way he vents his laffed Rage: 

IVhik from his Fangs the wary Pcrleus fies^ 

And ev^ry Way thefitrious Monjhr plies. 

Now on his Back and Ribs like Anvils beats ; 

Now on his Fifi-liki Stern his Strokes repeats. 

The Beajl ihenfpoutsfoch Floods of wat'ry Gore^ 

Perfeus dur/l irujl his dabbled brings no more* 

Butfpies a Rocky which hare in Calms might iie^ 

But under Water when the Sea ran high. 

There Jlraight thefearUfs Hero takes his Standi 

Andgrajps the Summit with hisfwordUfs Hand\ 

And ihen^ to crown his Confue/iy Jlrongly fiins, 

Andthrujis his Sword oft thro* the dying MonJlerU Loins* 

NoWf for the Conquejl, mighty Shouts and Cries 

Ring round the Shores, and echo to the Skies, 

With Joy CaiEopc and Ccpheus rais'df 

film as their Son receiv^dy his Affions praised % 

CaWd him their Famify*s Support and Siay, 

On whofe hrave Arms their Hope and Safety lay, 

Th* 
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The lovely Maid moves on, now freed from Chains, 
The Caufe, and fair Reward of all his Pains. 

Metam. Book IV. 

Euphrof. That is indeed a very beautiful Defcription. — 

But what, or whofe is that frightful, ill-favoured Face 

or Head, which Perfeus holds in his left Hand ? And 

what are thofe Snakes that proceed like Hair from it ? 

Cleon. That Conftellation is called Caput Medufa, or, 
the Head of Medufa: This Medufa was once the fair 
Daughter of Phorcus and Cete, who had golden Hair; 
her Charms tempted Neptune to violate her Chaftity in the 
Temple of Minerva, which that Virgin Goddefs fo 
refented, that (he changed the Hair of Medufa into Snakes, 
and fuch, that whofoever looked on them were turned 
into Stones j therefore the Gods, out of Pity, fent Perfeus 
to cut off her Head ; which he did, and gave it to be 
placed in the Shield of Pallas and Minerva. This Story 

h alfo finely told by the fame Poet : 

Medufa once was for her Beauty f am* d. 
At whom a Thousand jealous Suitors aim^d ; 
But more than all, her lovely Treffes charmed, 
tVhofe golden Beams her coldefi J^overs warmed. 
(Pve met with fome who waited at her Court, 
And only IVonders of her Locks report) 
Her Neptune yS-zzV, with lufiful Pajpons wild^ 
And in the chajle Minerva' j Fane defiled: 
The Virgin Goddefs turrCd aftde, and held 
Before her modefl Eyes thefacred Shield ; 
Btit that the Crime might be in one revenged. 
To horrid Snakes, Medufa'j Curls Jhe changed. 
And that Jhe might in future rolling Tears ^ 

O^er-awe the vicious JVorld with powerful Fears, L 
The Snakes Jhe madeflill in her Shield Jhe hears. 3 

Metam. Lib. IV. 
This Medufa was one of thofe three horrid Monfters 
of Hell, called Gorgons; who flew People with their very 
Looks ; the Names of the other Two were Stheno and 
Euryale, all Daughters of Phorcus. From the Blood 
which guihed out on ftriking o^ Medufa^ s Head fprang 
Pegafus, or the winged Horfe, which you fee depidled 
(the Fore-part) above the Equinodlial^ a little below 
Andromtda* 
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EuphrQf. I fee him — and pray, what Stories do the 
Fabulifts tell of this fingubr Horfe ? ajid how came He in 
Heaven ? 

CUqh. This Horfe belonged to the Mttfisy who let 
him fometime^ to the Herots and Demi -gods, for greater 
Expedition \ this Horfe Perfeus rode; and at laft, Bdle^ 
rophm mouxiUixg him, was carried through the Heights of 
Air, where being feizcd with Fear and a Vertigo, he fell 
to the Earth J and the Horfe was made a Conftdhitlon in 
the Heavens. ToiXxiS Mikan alludes in his Invocation 
of Ur tana ^ in the Beginning of the yth Book of Paradijh 

Up ki i>y thu 

Into the Heav'n <jf HeavHs I have prefufri d^ 
An earthly Gusjl^ and drawn tmpyreal Airy 
Thy Tempering', with like Safety guided down 
Keturn me to my native Element j 
Ltiji frcfm this Jlying Steed unrein* d^ (ai once 
Bcllerophon, thaugh fram a Icwer Clime) 
DtfmQtinted^ ^« ^A' Aleian Field I fall I 

Err&ne&tjs there iQ wander andfirhrn, 
Euphrof. The next that makes a coiifiderable Figure 

on the Globe J is Auriga \ pray, who was hcj and how 

came the Kids in bis Hand behind thein ? 
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Or crofs athwart^ and force the Refi to yteUy 
Difperfe the Croud, and clear the gaping Field-, 
And though out-Jiript, yet fcorn tojiop to Fear^ 
But, drive on Hope, and leave bihifid Defpair. 
Or, ^midjl the Race from Horfe to Horfe to leap^ 
Sport oer their Backs, and fix the dangerous Step : 
Or, fingly mounted, break the foaming Jaws, . 
Throw well the Dart, and force a juji Applaufe, 

Aftr. Book V. 
Euphrof Be Auriga whom he will, the Poet makes a 
pretty Ufe of the Story. — But pray, Cleonicus, who is 
that old Fellow Bootes, with a frizly Beard, (landing 
with one Foot on Mount Manalaus, holding a Club in 
one Hand, and two Courfers in a String with the other? 
Cleon. His Name implies an Herdfman', but he is more 
properly called Ar£fophylax, or the Bear-keeper ; for he 
conftantly follows the Greater Bear in its daily Rotation 
about the North Pole. Alfo becaufe the Bear is fome- 
times called the fVaggon, Bootes is moftly called the IVag^ 
goner, by the Poets ; thus Ovid: 

Now Silence 6*er the flumb^ ring World did reign^ 
Andjlow Bootes had declined his Wain, 

Myrrha purfues her Guilt, • 

Metam. Book X. 
And in the Story of Phaeton, he thus defcribes the Con- 
fternation of the Serpent and Bootes.-^ 

The folded Serpent next the frozen Pole, 
Stiff and benumnid before, began to roll. 
And rag^d with inward Heat, and threatened War, 
And Jhot a redder Light from ev'ry Star, 
Nay, and *tisfaid, Bootes too, that Thou 
Would^fifain have fled, tho^ cumbered with thy Plough,, 

Book IL 
Euphrof, The Swan, I fee, makes the next confiderablc 
Figure; he is in aPofture of Flight, in the Milky Way\ 
for what Reafon could a Swan come there, Cleonicus ? 

Cleon, Ah, my Euphrofyne, while we are on the fabvi« 
lous Part of Aftronomy, Fi£lion is all the Reafon you 
muft expe(9: in Things. And fo ridiculous are the Fables 
for the molt Part, that Jove is pretended to have aflumed 
tlie Shape of a Swan> in order, to deceive Leda the Wife 

of 
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tif Tyndarm ; which adulterous Story is thus commcni^ 
latcd hj ManiiiMSy who (^^s of this Conftcllation* 

Ntxt vifW the Swan, which Jove iidv&H£*d ahvt^ 
^%at Fm-m's reward by whkh he €aught hi$ Lm>i* 
When jhroudtd in the fmr, duniful Shape^ 
Jit cheated trujling Led a to a Rape : 
N^wgrae^dwith Sim's y his fVingsJIretih^i pV the Skm, 

BookL 
Etiphr$f But I fee 3 much nohlcr Bird yet, below the 
Swan^ I mean the E&gte \ noDouhtbitt there was fome 
notable Occafion for his bring made a ConftelUtion.^ — 

Cieon, The Eagle being King of Birds, as yupiter 
was of the Gods, it was always eflecmed facred to that 
fupreme Deity, and was ufually called the Bird &fysyt^ 
The Poets feign, that Jupiter was brought up in a Cave 
in Crete, by Doves, who fed him with Ambrofui^ and an 
Eagle, who fuppjied him with NeBar^ which he drew 
from a Rock and carried in his BfJli for this he was 
honoured with celeftial Dignity, — Others fay, that in the 
Wars of the Giants, ihc Eagle brought Thunder tQ 
yupiter^ with which he quelled them i and is therefore 
called yove*s Armmr-hearer by FirgiL — Of the Eagle as a 
ConflelJation, Mamlius thus fpeaks. 

The tow* ring Eagle mxi doth hldfyfiar^ 
At if the Thunder in his Clatus he hre ; 
HeU wsrthy Jove, fmce he^ tf Bird, frppUes 
The Heaven with faired Bdt$^ and arms the Skies, 

BookL 
Eaphr^f Who is that old Fellow Serpentarius^ grafpingr 
an hideous Serpent in his Hands ? 

Cleon. Some think he reprefents MJetiiapim^ the God 
of Phyfictans and Phyfic j he was worshipped at Epidaurus^ 
his Birth-place, firft, and afterwards at R&tne^ in the 
Form of an huge Serpent, — Other? think it is Htremles^ 
who while an Infant, deftroyed with the Grafp of his 
Hands two Serpents, fcnt by yupiter to kill him in the 
Cradle : Hence Ouid-^ 

T&u kiiPd tw& Sirpetrts with ysur Infant Hand^ 
M^ich ihm dtftrv*d Jove'j Scepter to command, 

Epift. 

Of 
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Of thisConAellation, thus Mmnilius. 

Next Ophincliusy?ri es the mighty Snake^ 
Untwijii his winding Folds ^ and fmooths his Back^ 
Extends its Bulk^ ando*er ihefiipfry Scale^ 
His moidt-Jlretch* d Hands on either Side prevail; 
The Snake now turns his Back^ andfeems to rage ; 
That Warmujl laft where equal PowWs engage. 

BookL 

Euphrof. What is Hercules about, in that kneeling 

Pofture ? What means the Club in his Right-hand, the 

three-headed Monfter in his Left, and the Lion's Skin 

hanging over his Arm ? 

Cleon, .This reprefent's fome of the Labours of that 
vonderous Demi -god, who was the Son of Jupiter^ hj 
Alcmenoy theWKe of Jmphiiryoy King of Thdes. Ashe 
was the greateft Hero for Feats of Strength ; fo no Doubt, 
his Fable had its Origin in the Hiftory of Sam/on. — ^Thc 
Labours of Hercules were many, of which twelve are 
particularly celebrated, and are contained in the twelve 
following Verfes. 

The Cleonean Wonfirjl he kills^ 

With Fire and Sword then Lerna'i Hydra queUs ; 
Of the ivild Boar he clears th' Er'manthean Fields. 
The Brafs'foct Stag with golden Antlers yields. 
He Stympha clears of Men-devouring Birds^ 
jtnd next the bouncing Amazon ungirds; 
The Stables of King Augeas he cleans^ 
The Cretan Bull he vanquijhes and chains : 
Diomede'j Horfes him their Conqueror own^ 
Then he brings low three-headed Gerj'on ; 
Hefperion Apples next his Name advance^ 
And his laft Labour Cerberus enchains. 
Of the Lion's Skin he made a Shield, and Breaft-plate, 
which you fee •, that three-headed Monfter is Cerberus^ 
the Dog who kept the Qate of Hell^ and whofe Body was 
cx>ver'd with Snakes inftead of Hair j of whom Virgil xb.\i% 

ipeaks: • 

Stretch* d in his Kennel^ monft^rous Cerb'rus round 
From triple Jaws made all thefe Realms refound* 
And Horace thus : 

HelPs grifly Porter let you pafsy 
And frown d and lifterCd to your Lays. 

Tbi 
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^hff Snakes around his H<^ad grew tame | 
His "Jaws m longer giow^d with Flame j 
Nor triple Tongue w^nJfairCd unth Bloed: 
Ns mor£ his Breath with ^emmjkw*d. 

Book 111. Odeii, 

Euphrof Well, to pafj this Monftcr a little, I obfcrve 
Lyra on the Breaft of an Eagle, what does that import ? 

Cieon, Lyra is the Lyre, or Harp of Orpheus y the Son 
of Apollo 3 by Calliope the Afufe j on which he is faid to 
have played and lung fo fweetly, that he tamed wild 
Bcafts, Itayed the Courfcof Rivers, and made the Woods 

follow him. Yea, when he defcended into Hell to 

fetch back his Wife Euridicey he charmed Pluio and 
Proferpinn^ (K'^g ^^^ Queen of Hell) and made the 
Damned dance, if what Virgil fays be true ; 

77/ unhappy Hujhand^ Hujhand now no more^ 
Did ^n bis tuneful Harp his Lofs deplore^ 
J nd fought his msurnful Mind with Mujic t$ refloj 
On thfff dear Wifsy in Dfferti all alone .^ 
He caltdy figWd^ fi^^g^ ^'^ Griefs with Day begtm^ 
Nor were theyfniJKd with tie fitting Sun, 
Mv*n to the dark Dsminiotis ef the Night 
He took his IViiy^ thr& Fore/h void of Light ; 
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He led them as he pleas' dy the Rocks ohey'dy 
And danced in Order to the Tune hf play*d. 

Art of Poctiy. 
Euphrof. How extravagant are the Fidions ©f the 
Poets ! They could never propofe to have Credit for 
fuch Romances^ what could they propofe, then, Cle9- 
mcusy in fuch wild Relations ? 

Cleon, Their End was to (hew their Invention, exer- 
cife their Art, amufe the Learned, delude the Ignorant, 
and fometimes to convey moral Inflru6lions in this ^bu- 
lous and hyperbolical Way, which was much in Vogue 
in the early Ages of the World. Thus, all they would 
imply by the wonderful Account of Orpheus and Amphion^ 
is, that they were {o eloquent, as to perfuade the wild 
and favage People of their Time to live conformable to 
the Laws and Rules of civil Society. 

Euphrof, How came the Dolphin to merit a Place 
among the Stars ? Methinks they made Fifh plenty in 

Heaven I 

Cleon, The Heaven of the Heathen, was a common 
Receptacle of every Thing ; a wild Mifcellany of all 

Orders of Creatures, without Order or Didindiion. * 

But. not to digrefs ; the Poets tell us of one Arion^ a 
Lyric Poet of Lejbos^ who got great Riches by his Art ; 
and as he was going to Italy^ the Mariners attempted to 
rob him, but he defired he might play one Tune on his 
Harp before they threw him into the Sea ; he played, 
and then leaped into the Sea, where a Dolphin (drawn 
thither by the Sweetnefs of his Mufic) received him on 
his Back, and carried him to TenedoSy with all his Mo^ 
ney-; for which Kindiiefs the Dolphin was made a Con-? 
ftellation, according to Ovid. 

The Gods beheld the generous Deed^ and Jove 
Advanced him from the Deep to fhine above 
Among the Confldlationsy now divine^ 
And for his Share of Starsy he gave him nine. 

Lib. Faft. 11. 
Euphrof, What is this Coma Berenicea. juft above 
yirgoP 

Clean. It is the Hair of Berenice^ the Wife of King 
Evergetesy who vowed to cut off her Hair if her Hufband 
returned from the War, Vidoii accordingly ihe did, 

and 
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and fcnt It to ihe Temple of Vmus^ from whence it wai 
fatd to be taken up into Heaven and made a Conflel- 
latiofl : On which Catullus has wrote a curious Poem aa 
Latin* 

Euphr^f* The Evening is now fo far fpent, that there 
is no Time for any further Enquiries ; and indeed, if it 
were not, I believe I have pretty well tired you with 
Queries for to Night* 

Ckm, Not at all, my Euphr&fyn^ ; but luckily for us, 
we have taken Notice of all that aJford any Thing of 
Hiftory or Fable in the Northern Conftellations^ worth 
Notice ; the reft are of more modern Invention, and have 
nothing in them fignificant. We will, To-morrow, pafs 
Oil to the Southern Conftellations, which will afford us 
farther Entertainment of this Sort^ and conclude this 
Survey, 



DIALOGUE IV. 

Of the Constellations of the Southern He- 
misphere, with ibeir Fabulous History* 

Euphrafyne, 

THIS Evening you appoint for iiniflitng our View of 
the Conftellations. — We are now to defccnd to 
thofe of the Southern HemJfphere, among which, I fee 
Orhn makes a very confidcrablc Figure; pray 3 Ckmcus^ 
give me his Story. 

C/rtfw* I wilt, and it runs thus in Fable ; 'tis faid that 
ytiphfTt Nepiurff, and Mircufy^ as they once travelled 
together, were benighted, and forced to lodge in a poor 
Man's Houfe, who fe Name was Hircm ; he entertained 
them as well as he could, which fo pleafcd the Gods^ 
that they prom i fed to grant whatever he aflccd. He faid, 
he promifcd his Wife on her Death-bed to live a Wi- 
dower, and yet he extremely defired to have a Son j 
they eonfented to his Rcqueft, and moiflcning an Ox*s 
Hide with their Urine, they commanded him to bury it 
ten Months* After which Time, digging it up, he 
found in it a new-born Child, which ftom thence was 
called E/riW» or Orun, 
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Orion was a conilant Companion of Dianas while a 
Youth, but at length, behaving indecently to her, he 
was flung to Death by a Scorpion. However, Jupiter 
tranflated him to Heaven, and made hfm a moft con- 
fpicuous Conftellation, which is thus defcribed by Ma-^ 
nilius. 

Firjl^ next the Twins, y^/ great Orion rife^ 
His Arms extended Jir etch o'er Half the ^kiest 
His Stride is large^ and with ajiately Pace 
He marches on andmeafures a vajl Spaee, 
On e.ich broad Shoulder a bright Star's difplay*d^ 
jfnd three obliquely grace his hanging Blade, 
In his vajl Head immersed in boundUfs Spheres^ 
Three Stars lefs bright^ but yet as great y he bears* 
But farther off remov'd^ their Splendor's lojl^ 
Thus graced and arnCd^ he leads thejlarry Hojf, 

BookL 
Euphrof The next Conftellation I obferve, is the 
huge IVhale^ or rather Sea-monjier ; for he is partly 
Beaji^ and partly JFiJb, How came he in Heavenj^ 
pray ? 

Cleon, This is that dreadful Monfter which was ta 
devour Andromeda^ chained to a Rock} whofe Story I 
have before related to you from Ovid^ The Whale is 
thus defcribed by Mantlius ;— 

Next en his Belly foats the mighty Whale, 

He ttui/Is his Back^ and rears his threatening Tail i 

He fpouts the Tide^ and cuts the foaming f^ay^ 

Wide gapes his Mouthy as eager on his Prey i 

Euch on Andromeda he rujht^ and bore 

The troubled Waves beyond their ufual Shore. 

Book ii . 
Euphrof What horrid Hydra is that which carries^ 
fuch a Length on the Globe ? 

Cleon. It makes indeed, a great Figure, but I cannot 

certainly tell its Original. 1 fhould have *aken it for 

the Hydra of the Lake Lerna^ which Hercules flew, but 
this has but one Head, whereas that is faid to have had 
jnany ; of which it is faid, that when any one was cut 
ofF, another immediately fprang up in the Place of it^ 
unlefs the Blood which iflued from the Wound ws^ 
flopped by Fixf \ thi« Hereules did by thtf AlHilance of 
Yoi.n^ ' D hlaus. 
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hlaus^ the Son of Iphidm^ and fo flew the Serpent,—* 
hkm^ you'll find by €h}id^ was no Lofer b^ this ^ for 
when he was grown old and decrepit^ he was reftorcd ta 
Youth again by the Prayers of Hercuiu. 
' At the big Entrance^ lolaus appears^^ 

B homing in B^^tity^ and renew d in Ttan ; 
Crown d with a fecmd Tbuibi and fprigbtiy Gratis 
*I*h€ dsuiftful DoiJLn fc^rce Jhadn his maiden Face* 
'The Favour to his Uncle's Prsfrt he Qw*d^ 
And Hebe at her Hujhand'i Suit beJloid*d, 

Met. Lib. IX, 

Euthrof^ Straoge Things, furc, have been done of 

old; If our jMggiers^ or Le^crdemmn-Gentkmen^ could 

perform any Feats like this, they would be in better 

Repute among the People thati now they arc. But 

that Ddg^ thcrCj with a Collar about his Neck, how 
came he in Heaven ? And that little one above is fo very 
pretty, that I fhould almoft fancy it to be a Lap-dog 
belonging to fome of their celeftial Ladyfhips, if I 
thought any fuch Thing were the Fafliion in Heaven.^ 
Clesfr. You cannot think any Thing too wild or 
Whimfical, that may not be true, of thofe whom the 
Aiitients have advanced to their poetical Heaven^ And 
in this Particular of the Dog you have conje^ured right : 
for Poets tell us* this was the Dog that belonged to 
Jc&rus^ ox rather to his Daughter Erigme^ who, as fome 
will have it, was made the Sign Virgo^ and it was per- 
mitted her, no Doubt, to take her Dog along with her 
to Heaven.— *-But be that as it will, this is certain, no 
Conftellation was more notable than thi^ among the 
AntientS) on Account of that moft obvious and remark- 
able Star in his Mouthy of which 1 fliall fay more an- 
other Time* 

Euphrof Pray^ what mathematical Inftrumcjit is that 
which I fee between the £1^1? and the Hydra ? 

Ciim* It is the Sextant of Uretma^ one of the Nine 
Mtufif \ it is placed there in Honour of her, as Inven- 
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trc6, not only of that, but moft other aftronomicai In- 
llniments, and the Patronefs of AfVronomers, and the 
cclefti;tl Sciences. — ^Hence the Poets, when they tinder- 
take to fing of Heaven, and the Works of Nature, 
invoke th^ Aid of Urania^ as Miltm^ 

Dffcend 
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Defcendfr9m Heav*n^ Urania ' hy that Ntme 
If rightly th^u art calVi^ whoje Vna divine 
Following^ above th* Olympian Hill 1 foati 
Above the Flight of Pegafean Wing"-''^ 
And the Author of Vniverfdl Beauty^ Mr. Brookf^ thus 
invokes this Goddefs. 

— • Thouy whom the antient Seer ftilet 

Venus Urania ! ham the Babe of Smiles i 
When from the Deep thy bright Emergence fprung^ 
Jnd Nature on thy Form divinely hung^ 
Whofe Steps (by Loves and Graces kifid) advance^ 
jfndchearful Hours lead on thejprightly Dance \ 
While Time within eternal Durance bot^nd 
Harmonious y on golden Hinges moves around : 
Suchy Goddefs / as when Silence wonctring gaz^d^ 
And ev'n thyfelf beheld Thyfelf amaz'd ; 
Such hafhf by that Coon Artifl known^ 
Seated apparent ^een on Fancy's Throne ; 
From thence thy Shape his happy Canvas blefty 
And Colours dipt in Heav^n^ thy heavenly Form confefi^ 
Suchy Goddefs ! thro* this Virgin Foliage fhine^ -% 
Let kindling Beauties glow thro' ev'ry Line, > 

And ev'ry Eye confefs the Work divine,"-^ f 

Part I. 
Euphrof What is meant by the Word Crater ? The 
Figure of the Conftellation feems to me like a rich two- 
handled Cup, or BowL 

Cleon, That is the veiy Thing; it was the Bowl of 
Bacchusy the God of Banquets and Revels. Next which^ 
you fee Corvus^ the Raven, or Crow, fitting on the Ser- 
pent's Tail. Below thefe, you obferve another of thofe 
Monfters they call Centaurs^ ftriking his Spear into a 
Wolf; and next to him is Ara^ the Altar of Jove; the 
Ufe and Occafion thereof is thus defcribed by manilius : 
The Worlds great Temple next^ and Altar lies, 
Graced with the Gifts of conquering Deities ; 
When Earth-born Giants did their Skies invade. 
The leffer Gods implored the greater^ s Aid\ 
His Pow'r Jove doubted when he vievfdjrom fat 
The threatening Force of the uneptal War. 
When he inverted Naturi s Frame beheld. 
That Earth rofe upward^ and that all rebtlTd: 
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77jtfl null on Hills heap* d^ raiidthdrthreafnhigHtad^ 
Jind frighttd Stars approaching Mountains figd : 
-• When impious Armies at a m(^njrr6us Births > 
Broke thro* the Eowcis of the gapvg Earthy * 
Of difagreeing Forms ^ and frightful Makes ^ 
, Vqjl human Bodies twified inlo Snakes^ 

Ere this no Danger and m Fear was knswn^ 
And wanton Jovtfat idly in his Throne, 
But Ljifome greater PowV (foft Eafe hetra/d 
His Mind to D^ubt) fl^ould yield the Rebels Atdi 
^ Hi raii^dihis Jltar^ and the Fsj^m appears 
IFith Incenfe loaded^ and adorned with Stars. 

Lib. L 
Euphrof What great Ship Is that I fte, called Jrg&? 
Clion* This was the Ship in which the famous Kxpc- 
dition was made by fnfin and his Company (hence called 
Jrg&nauts) to Colchis^ to recover the G&ldm FUea i and 


Next Procyon viett'y and n€xt the nimble Hare, 
Then Argo failing thro* the {t'-uid Air ; 
jfdvmc'dfrom all the Dangers of the Tidis^ 
tpliich firfl jhe jUmm^ dy fije nowfecurely rides. 
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There Argus lies ; and all that xvond*rous Light '% 
Which gave his Hundred Eyes their ufual Sigbty > 

Lies hury'd now in one eternal Night. J 

But Juno, that/he might his Eyes retain^ 
Soonp^d 'em in her gaudy Peacock'/ Train, 

Metam. Lib. L 
Euphrof, This is pretty much of a Piece with other 
poetical Stories. — But as I remember to have read, that 
the Peacock was a Bird facred to JunOy (as the Eagle to 
Jupiter) I could not tell whether it might not be on that 
Account. 

Cleon, That may probably be the Cafe; Juno was 
Supreme of the GoddefTes, and her Chariot was drawn 
by two Peacocks ; no Wonder therefore, if this Bird was 
made a Conftellation, and I only think *tis Pity they had 
not placed him in fuch a Part where he might oftener 
appear, and have a greater Number of Stars to bedeck 
his Tail. 

Euphrof,. Well, to pafs him, what fay you of the River 
Eridanusy I fee there ? Is it a River of Ne^ar that fup- 
plies the Gods with Drink I or what is it, and how came 
it there ? 

Cleon. The River Eridanus was that which is now 
called the Poy in Italy ; it was placed in Heaven, in 
Commemoration of the unhappy Fall of Phaeton^ (whofe 
Name at firft wa« Eridanus) the Son of jfpollo and Clymenem 
The Fable is this ; Phaeton wanted jfpollo to give him 
feme Proof that he was his Father, jlpolloy to gratify his 
Son, bid him afk what he would, and it fliould be 
granted him, and fwore by the River Styx, to confirm it, 

i which Oath is inviolable.) Phaeton aiked Leave to 
rive his Chariot for one Day 5 which rafh Requeft 
greatly griev'd Apollo^ who defined him not to infift on it, 
but in vain, for drive the Chariot he would, and jfpolh 
by his Oath was obliged to permit him. So up he 
mounts, and drives on, regardlefs of his Father's Direc- 
tions ; but the Horfcs, not Hnding their ufual Conductor, 
took Head, and the Charioteer being dazzled with the 
Light above, and frighted with the horrid Abyfs beneath, 
and the terrible Scorpion, let go the Reins, loft his Way, 
^nd would have burnt one Hdf of the World, and froze 
ibc o^hcr, if Jypiter had not ftruck him with a T^under- 
'^ P 3 bolt 
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bolt into the Rivet Eridmus, This Story is the moft 
pobje and fublimc of any iti Ovid^ and weJl worth youi 
^diJig ; the Conclufion of which runs thus : 
Jove caWd tff wknefi tv*ry Ponf^r ahove^ 
jfndien the G&d xuhap Sgn ihe Charht droVil 
^hat ^hat he aBid^ hi vjat f^rc^d to do^ 
Or uttwfrjhi Ruin WQuld cnfue. 
Ht then Q funded tht athtrial Thrmi^ 
From whence he us'd to hurl the Thunder dswn % 
Frsm whence hh Showers and St firms he us'd to pmr^ 
But n&w auld meet with neither Storm nor Show'r* 
FidUat hh Headhejhot thejhmhig Brandy 
Whuhjhpt thi FkmeSy and Fin with Fires rejlrain^d* 
At once from Life^ andfrsm the Chariet driv'rt^ 
W' ambitious Touih fell 71j under -jirucJi from Htmin j 
^%e Morfts Jlarttd with e^ fmld^n Bounds 
Andfiung the Reins and Chturist is tht Ground. 
^hejluddcd Harncfs fr^m their Necks they brokt^ 
Herefeii a Whceu and here a Silver Spsh i 
Here were the Beam md A)ck torn away^ 
And^ f cotter* d o'er the Ectrth the Jhining Frffgtmfiis lay^ 
The biajted Phaeton luith fiatning Hairy 
Shot from the Cbarivt like a fcdiing Star ; 
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Siif'hm^ $f£&nin ky tht Parent Fkme 

in %x/hkh he hurnd anstker end t hi fame: 

iVhs mt by Corn ttr Htrhs his Lififuflmns^ 

Bui the fioeit Ejfiuct &f Jm^mum drains j 

And v/atthfs (ht rick Gums Arabia beari^ 

l^hik yit in tmdir Dew thry drap their Tears, 

H4 (hisfivi dmurus ^fLtftfuifiltd) 

His Ntji en Oaken Boughs btgins U huiid^ 

Or trmihiifig Tsps ef Paim \ undfirft he draws 

The Plan With his hr&ad BiU and crooked daws^ 

Nafuri's Artificers ; m this the Pile 

Is firm* d^ and rifis rmnd : Thm with the Spml 

Of Caffsa^ Cinnamon ^ and Sums »f Nardy 

For Softneft ftrtvfd her.tathy his funeral Bed is rear'd^ 

Pun'rai and hridal both \ and all arsund 

The Borders with carrupilefs Aiyrrh are cr&wnd 

On ibis imumbeniy *tiil ethereal Flame 

Firjf CiiicheSy then c&rrfumis the csfliy Frami ; 

C^nfumes him tm as an the Pile he lies \ 

Hi liv*d in Od&ursj and in Odours dies. 

An Infant ?\iccm%fr&m thi F&rmtr fprings 

His Father* s Heir^ and f ram his tender iPtngs 

Shakes effhis Parent-Dufl : His Method ite purfues^ 

And the fame Lea ft of Life m the fame Termt renews* 

fVhtn^ grown to Manhood^ he htpns t$ reign^ 

And withfliff Piniem can his Flight fujlaln^ 

Hr lightens nf its Load thi Tree that harg 

His Father* s royal Sepulchre hef&re^ 

And his nvn Cradle ; this^ with pious Care^ 

Placed on his Back^ he cuts the buxsm Airy 

Seeks the Sun'j City^ and his facred Chunhy 

And d^anily lays down his Burden in the P&rck* 

Btyd, Ovid, 
Euphr&f A very furprifing Account were it ir\x^\ — — 
Pfayj ^tfhat is that other Bird calkd the Tmcan f 

Clem* Ijidecd I can fay but little of ir, it is an Indian 
Bird ; but how he, or the Phcenix^ or the Indian^ or the 
Cranff the Swwd-Fsjhy N&ah's Dove^ and other Conftel^ 
lation^ not namcdt came by their Divinity, 1 c;mnot 
pariiculiily fay* *Tis certain they are all of them of 
modern Daie> fmce Manilius^ the antient aftrcnomical 
Pojff, fays mt a Word of them ^ ji^r indeed were the 
D 4 Scan 
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Stars of the Soiithcrn Hemifphcrej near the South Pole, 
Jcnown in the Rei*ifters of Aftionomy 'till within a few 
Cejiruries paft. And as tht-y became difcovered and 
reduced to Coiiftcllations, the Aftronomers gave them 
the Figures of fuch Creatures as they pleafed- So that 
there remains now no more Coiiftcilations, of which we 
inay cxj^c;5t any poetical Account, unlcfs we reckon the 
Milky-IVay as fuch j for that we find the Poets very 
often ex ere i ft d their Mufe upon. 

Euphraf. You have already given me the true* aflro^ 
nomical Account of the Milky^H^ay'^ but it will be fome 
Curiofi^y to hear what the Foet§ fay, or feign on that 
Head^ and therefore pray oblige me fo fur. 

Clem. I will ; H^rcuhs^ I have told you, was yupstir'^ 
Baftard Child, by Akmina^ the Wife of Amphitry^^ King 
of ThihiS^ and therefore he was the Object of Jurt&'s 
Hatred, But after many Ways attempting to deftroy 
him in vaitij fhc was at length, by the Mediation of 
Pallas^ reconciled to the noble pabe, and let him fuck 
ber Breafts, which he hurt by fucking too violently j 
wherefore ihc put him away, and fome of the Milk was 
fpilt, but it was not lofl i for fome of it fell upon the 
Sky, and running along^ made the MliJty-i^f^ltiy, Some 
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Like Clouds condensed appear^ and bound the Sigbt^ 

The Azure being thickened into PVhite, 

Or wh ther that oU Tale deferves our Faith, 

fn?ich boldly fay s^ that this was once the Path 

IVhere Phccbus drove ; and that in Length of Tears 

Hoe heated Track took fire and burnt the Stars. 

The Colour chan/dj the Afhesjlrew'd the IVajy 

And Jiill prefer I e the Marks of their Decay : 

BefuieSy Fame tells, by Age Fame rev' rend growH^ 

That Phcebus gave his Chariot to his Son, 

And whii/i the Youngftcr/r^m the Path declines^ 

Admiring thejlrange Beauty of the Signs ; 

Proud of his Charge, he drove the fPry Horfe^ 

And would out -do his Father in his Courfe, 

The North grew warm, and the unufual Fire 

Dijfoh/d its Snow, and made the Bears retire ; 

Nor was the Eai th fecure, each (Country mourn* d 

The common Fate, and in its Cities burifd. 

Then from the fcatter'd Chariot Lightning came^ 

And the whole Skies were one continued Flame. 

The World took Fire, and in new kindled Starf 

Tl?e bright Remembrance of its Fate it bears. 

Thus Fame; nor mujl the fofter Fable die. 

That Juno* J Breafl overflowing Jlain^d the Sky, 

And made that Milky- Way, which jtijily draws 

Its Name, the Milky Circle /r^w its Caufe, 

Or is the ffacious Bend ferenely bright ^ 

From little Stars, which there their Beams unite, C 

And make one folid and continud Light ? \ 

Or Souls, which, loosed from th* ignoble Chain 

Of Clay, and fent to their own Heaven again, 

rurgdfrom all Drofs by Virtue, nobly Yife^ ' 

In Mther wanton, and enjoy the Skies, 

Book L 
And thus we have finifbed a fabulous Survey of the 
Conftellations : That which now remains, h to proceed , 
to a more particular Ufe of the Celejlial Globe j and (hat 
^ali be the Subject of our next Leifure. 
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DIALOGUE V, 

Sbtwing the life of ibe Celestial Globe m 
fihing Solar Problems, &r Jutb as rekie 

to the Sun. 

Euphnfynt. 

According to your propofed Method!, I am now to 
leani the Ufe of the Celestial Globe more 
accurgtcly thaji I have yet done j but pray, Cieonicui^ in 
what Rdpei5ts, or in what Particulars, may 1 now expe^ 
to be inftruditd ? 

Cieon. I fliali fir ft fliew you how to re£li fy the Globe 
for any Place; then, how to find the Place of the Sun^ 
^oon'^ or Plamtf in the Ecliptic for any given Time ; 
and alfo, how to find the Time of their Rt/mg-, Smthingy 
Sm'tngy t5r, for that Day : And laftly, 1 Jhall iliew 
how, by the Stars on the Globe, you may find any Stars 
in the Heavens for any Time of the Year, and the Time 
of their Rififig, Sittiftg^ ^c, 

Euphrof^ Well, this will be very delightful, and I 
promifc myfclf a great deal of Pieafure and Advantage 
~ >ecul " - 
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he the true Reprefentation of the Pofition of the Earth 
and Horizon for London. 

Eupbrof, Well, this I can do immediately,— The 
Globe* is re^lified. What am I to do next ? 

Cieon, The next Thing is to find the Sun's Place in the 
Ecliptic for any given Time you pleafe ; this you arc to 
do by the Calendar and Ecliptic on the Horizon ; in the 
firft of which you find the Day, and oppofitc thereto, in 
the latter, you find the Degree the Sun poflefles that 
Day. 

Euphrof. Let me try if I can do this for the prefent 

pay, which is the 8th of May, Let me fee I Here 

I find the Day of the Month, and then, in the 

Ecliptic, I Ana equal with it the 18th Dtgret oi Taurus* 
—Is not that right ? 

Clton, Very nearly; for in Inflruments, however 
cxa£l, we muft not ftand for a few Minutes, which 
make no feniible Alteration from what we behold in 
Nature. 

Euphrof, Well, as I have found the Sun's Place^ what 
^m I to do next ? 

Cleon, In the next Place, turn the Globe about 'till 
you fee the fame Degree of Taurus in the Ecliptic on the 
Globe, and thereon ftick a fmall Patch, and bring that 
Patch to the Meridian^ and let the Globe reft there. 

Eupbrof, 'Tis done ; the Patch is now under the Me- 
ridian : but, pray, CUonicus^ what does it reprefent there, 
the Sun? 

Cleon. Yes, my Euphrofyne^ it there reprefents the 
Noon-tide Sun for the prefent Day : For, as I have 
ihewn you by the Orrery, whenever the Sun comes to 
the Meridian of any Place, it is then the Noon of that 

pay, or 12 o'Clock. Therefore hold the Globe fafl: 

with one Hand, and with the other bring the Hour^Handy 
or Index to the Hour XII, in the upper Fart of the Hour- 
Circle^ over the Meridian^ and there let things remain. 

Euphrof, This I have done — what next? • 

CUon, Now you may eafily folve many very ufeful 
Problems in Auronomy; as (i.) The Globe, in this 
Pofition, (hews you all the Stars and Coni^ellations that 
were up, or above the Horizon, this Day at Noon. (2.) 
Pbferve the Degree the Patch touches upon the Meridian, 

and 
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smJ that IS the Sun's Declination. (3*) See what Degree 
of the Equinoctial is cut by the Meridian, an-l that will 
be the Sun's right Jfanjim, (4,) Turn the Globi? E(tft- 
ward^ 'till the Patch touches the Horixun, which then 
i-eprefents the SutCs ^ififJg% ^^^^ t^^ Index upon tiie Hnur^ 
Circle will fliew the Hour. (5.) At the fame Time, 
number the Deg:rees on the Horizon between the Patch 
and the taJI-Point^ and that will he his AnipHiude sf 
Kifmg for this D^y. (6.) Then turn the Globe Weft- 
wa^'dy 'till the Patch iif^ain touches the H jrtzorij and the 
Index will fhew the H:ur cf his Setting this Day. (7,) 
You obft-rve on the Horizon his Amplitude of Setting 
from the IVtfl- Point towards the ^outh. Thefe Things 
you mi)' pra^ife firft on the Glabe, and then we will 
proceed to fomc other Problems. 

Etiphr&f, Well then, for the Sun's Declinati&n^ I fee 
the Pat n cuts the Meridian in or near the 17^- Degree 
NQrthmai'd^ and thtit is his^ D^ciinati&n ior to Day. 
Ag^in, I obferve the Meridian cuts the Equinositial in 
about 45*" ; 30', which you fay is the Sun's right jifien- 
ft^n this Djy, — r havw* now brought the Piitch to the 
E^fhrn Side of the Horizon, and 1 fee the Index points 
to th*r Hour of VII ; 30' for the Tftne ef his Rtfmg^ — and 
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greateft) Southward, is for his Rifing and Setting, about 
40^,— which I fee is alraoft South- Eaji, 

CUon. I find you are very ready at folving agronomical 
Problems; — and fince on the fhorteft Day the Sun rife* 
at VIII : 13', and fets at III : 47% 'tis evident, the Length 
of that Day is VII : 34^ and of the Night XVI : 26', 
which is jult the fame as I told you from the Orrery. 

Euphrof, It is fo ; and I am pleafed to fee how exafily. 
this noble Inftrument correfponds with the Orrery,, and 
common Obfervation ; for I took notice this very Day, 
that the Sun went down by the Clock juft at the Time 
fhewn by the Globe. 

Cleon, It did fo ; and had you obferved it rifing this 
Morning, you would have found it at the fame Time, as 
by the Globe. — We have folved the Phanomena for the 
ihorteft Day ; let us now fuppofe the Sun in .the Vernal 
Equinox^ that is, in the firit Scruple of Ariesy and fee 
how thefe Things will fall out for that Time, which you 
remember is on the 21ft of March, 

Euphrof, Very good, CUonicus ; it is a remarkable Sea- 

.fon. 1 think there needs no Patch to reprefent the Sun 

there ; the Interfe<Stion of the Ecliptic and £quino<^ial is 

a Point fufficiently notable without it. FlI bring it to 

the Meridian, and— :then I fct the Hour Hand to XII, as 
before, — and thus the Globe now reprefents the Noon of 
that Day. 

Cleon, Well, and how do you obferve the foregoing 
Particulars on the Globe ? 

Euphrof, I fee they are very different from what they 

were before. Now I obferve the Sun's Meridian^ Ji- 

tiiude, or Height at Noon, is 38S : 30', equal to that of 
the £quino£fiaIy the Sun being in itt;— alfo, becaufe the 
Sun is in the firft Minute of the Equlno^ial as well as the 

Ecliptic y it has no right Afcenfion, Alfo no Declination^ 

for the fame Reafon. — Alfo, if I turn the Globe Eafl or 
iVefi^ I fee the Sun will rife and fet juft at 6 0' Clock ; the 
EquinoSiial being the Sun's Path for that Day. — Again, 
I obferve the Sun rifes and fets exaftly on the Ea/l and 
IFeft Points of the Horizon -, and therefore has no jimpli'- 
iude that Day. 

Cleon. You are very right in every Particular, my Eu- 
phrofyne\ and thus you find the Days and Nights are then 
of equal Length, and all other Things happen jufl as 

they 
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they were explained 10 you by the Orrery. And In the 
fame Manner^ you*H obfcrve Things to happen, if you 
fupjKjfe ihe Sun in the other Efttimx^ as on StffUmhrr 23d. 
Lex us now proceed to, the hngeft Day^ viz. when the Sun 
enters into the Hrft Degree of Cancer y and obferve the 
Stare of ThinjEjs for that Day, viz. the 22d of Jtmf. 

Euphr&f, With a very good Will, Ch^nhm \ and on 
that Point V\\ again ftick on the folar Patch , — which I 
fet to the Meridian, and the Hour-Index to the Hour of 

XH, for the Noon of that Day» 1 now obferrve the 

£yn*s Mtridian Alihudt is very great, being 62 Degrees,— 
and his right Afanfwn 90 Degrees ; — his Dul'matkn is 
now 23° : 30' N&rih^ as it was before $Quth on the Jhortcft 
Day.— I fee the Tropic of Cancer (k^vn the Sun's diurnal 
Path for that Day, and by turning the Globe E^^ltward, 
when the Patch touches the Horizon, I fee the Index fland 

at III : 47^j the Hour of the Sun* 5 Rifmg that Day. ' 

And again, when I bring the Patch to the Wcftcrn Ho- 
rizon, the Index points to the VIII ! ij% the Time of 
hii Setting that Evening ; — and his Amplitude af Rifmg and 
Sitting is now juft as much Northward, as it was South- 
ward on the ihorteft Day. 

CUan* Very right, my Euphrofyne ; and here again you 
obfcrve alfo, that the Sun now nfes on the fame Hour In 
the Morning, as it fet on the Evening of the Ihorteft 
Day; and fcts now at the Hour ^ it did then rife: 
And moreover, that the Length of the Night now is equal 
to that of the Day then ; and the iongeft Day now Is 
equal to the then longcft Night, AH which you fee is 
perfectly agreeable to the Theory. There are two or 
three Problems more worth knowing, relating to the Sun, 
to be refolved on the Globe by the ^adrant €f Jititude^ 
which you fee is fcrewed on to the Meridian, at the La- 
titude of 510 : 30', viz. that of Lsnd&n, 

Euphfcf. Pray what are they, and how refolved by that 
moveable Quadrant ? 

Clitfn. One is, to find the Sun*s Aiiitude any Hour of 

the Day, for any Part of the Ecliptic, ^As fuppofc the 

Sun in the Begijintjig of Canar^ where the Patch now is, 
and I would know what Height the Sun is above the Ho* 
rizoii at Six o^Clock, — In order to this, I bring the Patch 
to Uie MeridUuif and fet the Index to XII, as ufual ; 

thea 
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then I turn the Globe 'till the Index points to the Hour 
of VI, where I hold it faft, and lay the Quadrant over 
the' Patch, and by it I fee the Sun is about 19 Degrees 
above the Horizon, which is his Altitude at Six, for the 
Morning and Evening of the longeft Day.— Alfo, for 
the fame Day, you find his Altitude when he is due Raft tr 
Wefty thus;— I bring the Quadrant to the Eaft Point of 
the Horizon, and turn the Globe till the Patch touches 
the Edge of the Quadrant, — which you fee is at the 31**, 
and that is the Sun's Altitude when due Eaft or Weft 
that Day.— ^Things remaining as they were, you ob- 
ferve the Time (hewn by the Index, when the Sun is 
due Eaft or Weft, vi%, VII : 21' in the Morning; and 
in the fame Manner, you will find it to be IV : 39 in the 
Afternoon. — And thele Things you may find for any Day, 
while the Sun is in the Summer Half of the Ecliptic. 

Euphrof, Yes, I imagine I can, Cleonicus ; — ^rfie Me- 
thod, by feeing you do it, fecms pretty eafy.— — .What 
other Problems remain ? 

Cleon, If by a common Quadrant, or otherwife, I take 
the Altitude of the Sun on any Day, I can firtd by the 
Globe what Time or Hour it was ; thus — fuppofe on the 
1 2th of May ^ in the Forenoon, I find the Sun's Altitude 

to be 46<», and would know the Time of Day, 1 

proceed thus : By the Calendar, I fee the Sun's Place, 
on the nth of Mayy is about 20° : 30' of y ; and there 
1 ftick the Patch on the Globe, which I bring to the 
Meridian, and fet the Hour Hand to XII. Then I move 
the Globe and Quadrant fo together, that I caufe the 
Patch to touch the 46th Degree on the Quadrant, and 
then holding both ftill, I obferve the Index points to IX : 
30', and that was the Hour or Time when the Altitude 
was taken. 

Euphrof, This feems to be an ufeful Problem : 
Which is next ? 

Cieon. By the Globe, you may find the Sun's Azimusb 

for any Hour of any given Day of the Year. ^Thus, 

let us take the laft Inftance of May nth, at Half an 
Hour after IX in the Morning ; bringing the Sun's Place 
\5 20<» : 30' to the Meridian, and fetting the Index to 
XII, I turn the Globe till the Index point to IX : 30', 
and there hold the Globe ^ then I lay Uie Quadrant over 

the 
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the Sun's Place, ajid it reprefcnts the Sun's Azimuth firf 
that Time, i. t^ It Oicws what Point of the Compafs tlw 
Sun is upon; a^ in this Cafe it is upon the Point of 
(S. E, by K,} Bouih-Eafi h^ Eaji ; th^t is, 3 Points from 
the Edjl towards the South. You arc alfo to ohftrve, that 
the Diftance bctwei^n the Quadrant and the North and 
South Part of the Meridian is called the Sun^s A2.imkth 
from the North or Ssuth i and is reckoned in Degrees ort 
the Horizon. But as this Problem is chiefly of Ufe to 
Navigators y we will pafs to another, which more generally 
concerns all Mankind, and is In itfdf very curious^ 

Euphr&f What one h thr.t, Ckomcui ? 

Cksft. Couccrnini^ the Break of Day and Twilight. *■ 
It is found by Obfervation, that after the Sun fets^ 'tia 
not dark Night 'till he is dcfcendcd about iS Decrees he* 
low the Horizon ; and when he comes to that Diftancc 
from the Horizon in the Eaft, theZ3^7y Uglns to ddwn, 

Euphrof Thiii I long to fee you Ihew by the Globe 4 
for that muft be exceeding natural, 

Clfon, And it will be the more fo, by fixing this Brafs- 
wirc to the Horizon^ cncompaiEng the Globe at 18^ 
below it; for this will ' rcprcfent the Boundary between 
Twilight and dari Night, Caft your Eyes, therefore. 
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Chm. In the fame Manner, if you regard any ^ihtr 
I*oint in the Ecliptic, and itick a Patch on it| you wUI, 
by turning the Globe, eafily fee when it touches the 
Wire; and confequently, \f you firft bring the Patch to 
the Meridian t and thfn fct the Index to Xll, you may 
fe what Time the Day dawm in the Morning, and the 
'Twilight ends in the Evening of that ^^y the Sun Is in 
that Part of the Ecliptic, 

Euphrof* Let mc try this j Suppofe the Sun in the 

Vernul Equlmx^ on the 21ft of March ;- — - "I bring that 
Point to the Meridian, and the Index to XIL - ■ ■ Now 
1 turn it Eaft wards till it touches the Wire,^— when I 
obferve the Index points ta IV» the Hour when the Day 
begins to dawn. ■ Again, I turn it Weftward till it 
touches ihc Wire, and the Index ftiews the Hour of VI 11, 

for the Time when Twilight ends on that Day.^ 

Well 1 this is a wtry pleafant Expci imentj indeed 1 

Clmn* , The like you may do for any other T}^y : «~ 
I fhall only obferve to you, that fince the Sun rjfes and 
fets on that D^y at Six o'CIock, the Length of the Twi- 
light is then juft two Hours.* Thus you may find the 

Length of the fame for any other Day, by fubt racing 
fnoro the Time the Twilight begins or ends, the Time 
of the Sun's Rtdng or fetting that Day. — For Inflance, 
let us take the ad Day of March^ when the S un enters 
the I ith Degree of Ptfcu \ and there putting the Patch, 
kring it to the Meridian, and f::t the Hour- Hand to XII 1 
and then turning the Globe till the Patch touches the 
Wire, I obferve the Index points to IV : 41' in the 
Morning for the Beginning, and to VII : 19' at Night 
for the End of Twilight, Now on that Day the Sufi 
rifcs at VI : 38', and fets at V : 2 a', and the Difference 
of thefe Numbers from the former, is one Hour 57 'for 
the Length of the Twilight ; which you know is but little 
lefs than when the Sun is in the Eqiiino£lial Point ; and 
yet it 13 now the ihorcefl of any in al! the Year, except 
on the 12th q( Oilfiher^ when it is exactly of the (Mn^ 
Length, 

Lupkraf. This if a Ycry curious Point.— —But, pray, 
how long is the Twilight on theftorteft Day ? 

CUon, You will find the Twilight on the ijft of D/- 
timifir ends at V ; 59'j and the Sun then fets at III t 47' ; 

Vol. 11. E therefore. 
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therefore, t!ie Length of Twilbbt mUft then be 2 Hours 
and 12 ; which is 15' longer than in the laft Cafe whctt 

ieaft. And thus wc have feen the Method of folving 

the Problems relating i7 the SUN Oil the CEtBsTIAt. 
Globe. We will, the next Opportunity^ proccej to th» 
Problems of the Moo k ; which I dare fay, you wM 
think for the moft Part very pleafantj and entertaining;* 
But, in the mean Time, 1 fhall make you a Prefent of a* 
Map of the Solar Difk, or Face of the Sun, for the 
Sake of giving you a clear Idea of the Spots or Macula^ 
which fo often appear in the Face of the Sun, and deter- 
mine its Motion about its Axis ; and though 1 hav© 
formerly ihewn them to you through a Telcfcopej and 
you niay have obferved them fevcral Times fince; yet 
cave you never fo nicely obferved their Motions, ajid the 
various Mutations, or Pransformations they undergo, as 
to form a right Judgment of thefe curious Particulars. 1 
have therefore fejected out of 26 Periods of thetr Motions^ ^B 
obferved and published by the accurate Hevelius^ One» ^* 
(i^/z, the 20th) which Is the moft elegant of all, and 1 
bdl adapted for your Purpofe. You will there lee the I 
Gourfe which is taken by two difFerent Sets of Maculer^ ] 
over the Face of the Sun ; one of them below the Ecliptic 
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tontinued every Day much of the fame Magnitude and 
Appearance ; but on the fourteenth, it feem«! to have a 
Imall Atmofphere, mingling with that of the large one. 
On the fifteenth and Uxteenth, as they were fo near the 
Wefterrt Limb of the Sun, their vifible Magnitude lef- 
Icftcd till they difappeared. — A great Variety of Trans- 
figurations may be obfcrved in the Spots marked b, r, a^ 
In that Courfe above the Ecliptic, on the feveral Days 
of the Month there reprefented by Figures. 

Euphrof, I am obliged to you for this Piece of nice 
Inftru£lion; I (ball put it in a Frame with a Glafs before 
it, that I may have this moft wonderful and glorious 
Pbanommm always in my View. 



DIALOGUE VI. 

yfe Ufe of the Celestial Globe in a Solution of 
Lunar Problems, or tbofe which relate to the 
Motion and Phenomena of the Moon. 

Euphrofjne. 

J Remember, when heretofore we talked of the Moony 
you (aid her Path, or Tra£l in the Heavens, was not 
the Ecliptic, nor was her Orbit conftantly the fame, 
but always varying ; how then can you (hew the Pro- 
blems relating to the Moon on the Globe ? 

CUon. The Ta(k of inveftigating the Reafon, or Cau(e 
of her various Motions, and framing a jufl Theory 
thereof, was, indeed, an arduous one ; and referved for 
the great Genius of Sir Ifaac Niwton. But when once 
her Theory became eflablilhed, it was eafy to fliew \itt 
Path, and her Place on the Globe^ together with heif 
Nodts^ and their retrograde Motions, and the Solution of 
mofl other Problems of the Moon by a very fimple and 
eafy Contrivance, as an Apptndage to the Globe. 

Eufbrof Indeed 1 Pray, what and hoW is that ? I 
long to know.— 

Clicn. It is no more than a Piece of Silk Twifl, witb 
its two £ads (b tied together, that, when put on the 

Ea Globe, 
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Globe, it fltall girt it very tight.^This is the Thuig,*-- 
and when I put ii upon the Globe, it will there reprcfent 
fhe Moon*s Way, 

Euphrof, But fince the Moon*s Orbit lies acrofs the 
Ecliptic^ how can you tell where, and how to fix it i 

Clean, By an Ephemsruj (as P(irhr\ ^Vcaver'sy ^r,) 
I can eafily find the Place gF the N&dtTy or Points of the 
Ecliptic, in which the Moon*s Orbit crofles it, for any 
given Time of the Year. By the fame Ephemtrts^ I alfo 
find the Latitude, or Angle which the Moon's Orbit 
makes with the Ecliptic for that Time ; but this on the 
Globe may always be taken about 5J Degrees, without 
any fenfible Error. 

Eufhrof, Well then, fince it is fo eafy a Thing, pray, 
CU&nuus^ put on the Silk Cord to reprefent the Orbit of 
tte Moon» for the 14th Hy^y of Augufi^ *759* 

Citm^ I will — here \% Parker^ s Ephimtrh for 1759, in 
which the Moon's Place and Latitude is fliewn for every 
Day of the Mon.h at Noon^ and the Place of her Nodes 
for every fixth Day, as you fee in thofe Columns refpec-^ 
lively, — Thus J on the 14th Day of Augujly the Moon's 
Place is in Taurus y 10* : 13^, — her Latitude is 4* ; 14', 
and her afccnding Node e in 5^ : 4!' of Camer 12?, and 
the dcfcending Node ^ is of Courfe in the oppofite Sign 
Caprmrn >rS — therefore I put on the Silk Line upon the 
Globe, in fuch a Manner as that it may interfect the 
Ecliptic in thofe two Points, — LaftJy, at the Diftance of 
^0 Degrees on each Side the Node, J raife the String on 
one Side, aiKl deprcfs it on the other, till it is 5J Degrees 
dtl^ant from the Ecliptic, — Thus, you fee^ the fuken 
Path of the Moon reprcfcnted for the 14th Day of Auguji, 

Euphrof 1 do, and with great Satisfat^^ion, as it gives 
me the cfeareft Idea <^ the different Paths of the Sun and 
Moon through the Heavens. But fince this is the Cafe^ 
how is it, that the Moon is faid in the Ephemerh to be iri 
fuch a Degree of fuch a Sign of the Ecliptic ? 

CI ton ^ rhis you muft underftand is her Place, reduced 
from her Orbit to the Ecliptic, by a Line conceived to 
pafs through her Center to die Ecliptic, which h called 
a Circle of Latitude ^ and this is done by the Ephemerit' 
Makers for every Day in the Year, — Thu», forlnftance, 
the faid Circle of Latitude pafiUxig through 10** t 13' of 

Tatifut 
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Taunts V, will cut the fllkeii String In a Point, which 
will fhew the true Place of the Moon in her Orbit for 
that Day at Noon. 

■ Eupbrof. I underftand you perfedly well ; and fo, I 
fuppofe, if I ftick a Patch upon that Point, it will be a 
true Reprefentation of the Moon's Place, in order for 
the Solution of fuch Problems as relate to her Rifingt 
Setting, &c, for that Day. — And therefore— 

CleoriM But hold. Sifter, one Thing you feem not to 
recoiled, which is the large Space which the Moon 
defcribes tvcry Day in her Orbit, by which Means it 
becomes neceilary to iind her Place, not for the Noon of 
the Day, but for any Number of Hours, before or after, 
at which her Appearance is required.— Thus, for In- 
llance, fuppofmg the Time of her Rifing on that Day 
was required, her Place muft be fought for about fix 
Hours before Noon ; and for the Time of her Setting, 
her Place muft be fought for £ix Hours after. 

Euphrof. You do well to put me in mind of fo necef^ 
fary a Point, — — I well remember, you fhewed me, on 
thfe Orrery, that the daily Motion of the Moon was 
about 13 Degrees at a Mean, but in the Ephemeris for 
the propofed Time, I obferve, that the Motion of the 
Moon, from the Noon of the 14th, to that of the 15th, 
is 14" : 6'. Therefore about a fourth Part of that Space, 
viz. 3° : 16', muft be added to her Place, the 14th Day at 
Noon, for her Place at Six in the Evening, which will 
make ly : 2<) oi TaOrus «, where, I fuppofe, I may 
now ftick the Crefcent-Patch. 

Clion, That will be the Place of the Moon for the 
Evening of that Day, and by Means of the Crefccnt, 
which you have placed under her Orbit, juft below that 
Point of the Ecliptic, you will find her Phasnomena for 
that Evening, much after the fame Manner you did thofe 
of the Sun, in regard to its RiHng, Setting, South-* 
ing, l^c. 

Euphrof. So I apprehend : — But let me try how ready 
I am at the Pra^ice. — The firft Thing I have to do, I 
fuppofe, is to rectify the Globe to the Latitude of the 
Place, — and then to bring the Moon's Place to th^ 
Meridwi.— -* 

E3 
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CUon. By no Means^ Sifter, --It is the Sun^s Pla6# 
you are to bring to the Meridian^ and place the Houf 
Index at XII, and thus it will be re^itied for youj 
Purpofe. 

Euphrof. If I knew how to do the Things I fhould 
jiot need a Tutor. — But I fee the Reafon of it at once, 
now you have fee me rjghi, — Well ! let me proceed*^ 
The Sun's Place 1 find in the Ephan^is for that Day at 
Noon hii^ 1 i6^ of ifo, which Point of the Ecliptic I 
bring to the Meridian, and there holding it faft, I fix thq 
Hour-Hand to XII, and thus it is re£tihcd for that Day ; 
Then I turn the Globe, 'till the Index points to th« 
Hour of VI. — -But I fee no Moon above the Horizon.—^ 
Of Courfc, I turn the Globe 'till the Crcfcent comes 
into the Eaftern Part of the Horixon^ where it fhewji thft 
Moon rifing at a few Minutes after X, upon the E*N. E* 
Point of the Compafs nearly, and about 21 Degrees of 
Amplitude Nor ch. — Am I not fo far right, Clennicusf 

CUon. You arc very near the Matter : — But if you 
would be very exadl, you muft make flill more Allow- 
ance for the Moon's Motion for ic Hours, inflcad of fix- 
which will carry her a little farther Eaftward, and make; 

her rife fomcwhat later, 

Necefitty of it, from what vou have 
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adiled to the former, make out the Motion of the whole 
Dajr, or 14 Degrees. — ^And thus I find the Time of her 
Setting to be about One o'Clock on the 15th Day.— 
Hence aifo it appears by the by, that on the Day bef3re, 
or 14th Day, the Time of her Setting was about Mid- 
day. 

CUan. I am glad to fee you are fb dextrous, my 
Eupbrofyne, at the Solution of Lunar Problems; and 
though they are not fo readily performed as thofe of 
the Sun, yet are they, in their own Nature, more 
carious, and very eafy, With a little Pradlice, by Means 
of the Ephitneris^ and the mofl difficult Part is now 
over. In the Solution of thefe Sort of Problems, there 
It alfo greater Variety than in thofe of the Sun; for 
her^ we may obferve, that as the Moon's Orbit makes 
an Angle with the Ecliptic, we enquire for the Lati- 
tude as well as the Longitude of the Moon, and you 
obferve, in the Epbemeris^ that her Latitude, on the 
14th Day of Augujiy at la o'Clock, is 4** : 14'. — 

Euphrof, Very good ; I fee it is ; but what are thofe 
numerous Lines croffing the Ecliptic at right Angles 
all around the Globe, and others that run parallel to 
the Number of 8 on either Side, and what is their Ufe ? 

CUm. They are called bv Aftronomers the Zodiac^ 
and they are drawn at the Diflance of a Degree from 
each odier, and thofe which are perpendicular to the 
Ecliptic (trv^ to meafure the Degrees of Latitude in 
the Moon and Planets, none of which ever deviate fo 
far as 8 Degrees from the Ecliptic ; and therefore, 
whereever the Places of thefe celeflial Bodies are found, 
their Latitudes from the Ecliptic are by thefe Lines 
cafily fhewn ; 39 alfo the Longitude, and many other 
valuable Ufe^ are to be made of them, as we fball 
find in our future Pra^^ice. This Zodiac is one of the 
many great Inventions of the late Dr. Halley^ and has 
about 20 Years fince, been placed upon Mr. Senex^s ce- 
leflial Globe, for rendering its \](q more extcnfive 
and perfe6^. 

Euphrof, This mufl be a very great Improvement 
of the Globe, as I myfelf am Witnefs ; fmce, by thofe 
Lines, I fee the fame Latitude of the Moon exprefled 
PH the Globe, as I do in the Ephemms ; whereas, with- 
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out thofe auxiliary Lines, I could not have Icnown 
what her Latitude had been, without the Trouble of 
meaiuring it by the Degrees on a Qiiadrant of Altitude, 
I like wife fee, at the fame Time, what Latitudes 
correfpond to the Place of the Moon in every Part 
of her Orbit, or Diftance from her Node, which muit 
be a very great Satisfaftion and Pleafure to all Lovers 
pf Aftronomy. 

Cieon. By Meane of the filken String* you will be 
enabled, at all Times, to obferve the Declination of 
the Moon from the Equinodlial Line, which will be 
ibmetimes lefs than that of the Sun j and be fometimcs 
"North, when that of the Sun is South^ and vice verja. 

Euphrof, Well ! let me enquire what the Declination 
of the Moon is for the 14th Day of An^ufi at Noon, 
—I bring the Crefccnt to the Meridian, and there find it 
under 11°: 40', which therefore is the Declination for 
|hat Time* — Indeed^ by this a/tificial Lunar Orbit, I 
can eafily fee^ that the Declination of the Moon msyr 
be ibmetimes five Degrees greater, and fometimes fo 
many Degrees lefs than that of the Sun. — 1 alfo fee, 
that her Declination may be North, while her Latitude 

is South, and the Contrary ; and were the Lunar 

Orbit to intcrfedl the Ecliptic in the Equinoctial Points, 
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firft Dzy of January^ for the prefent Year, (1758) was ia 
15**: 51' of Cancer^ and through every Month of the 
Year it retrogrades, 'till the lalt Day of December ^ it is 
found in 27*: 30' of Gemim; and thus, in the Space 
of about i8i Years, the Nodes go backward through 
all the Points of the Ecliptic, and confcquently, once 
in that Time the afcending Node will be in the Begia* 
ning of jirtesy and fhew the Moon nearer to, or farther 
from our Zenith^ by 5 Degrees, than ever the Sun ap^ 
pears; but, when it pofTefles the autumnal Mguiaox^ 
the Contrary will happen ; and there are few People 
that live to the Age of 30 or 40 Years, but what mufi: 
remember to have feen this Variety of Lunar Altitudes, 
as they happen fo remarkably diiFerent, in the Space of 
little more than nine Years. 

Euphrof. 1 (hall not trouble you with it now, Cleomcus^ 
but, for my own Amufement at leifure Hours, I fhall 
put this Lunar Orbit i|>to all its different Pofitions, with 
regard to the Ecliptic, to fee from thence all the Variety 
of Appearance^ that can arife^ with regard to her Alti- 
tudes, Rifing, Setting, ^c, 

CUon. Now you talk of her Rifing and Setting, I muft 
obferve to you, that there will be fomething peculiarly 
ftrange and entertaining refult from your Experiments o^ 
that Kind 5 efpecially, if you enquire how thefe Phxno- 
mena will be circumftanced, in regard to the different 
Parts of the Earth, by redifying the Globe to many dif- 
ferent and extreme Degrees of Latitude. One Phae- 

nomenon of this Kind you have heard much talk of^ 
ufually called the Harveji-Moon^ and fometimes the 
Shepherds^ 2j:id the Hunter s^ Moon -y which, if you remem-r 
ber, I told you I fhould referve for an Explication, 'till 
I came to the Ufe of the celeftial Globe ; this being 
the only Inftrument by which it can be naturally repre- 
fented and clearly underflood. 

Euphrcf Nothing will be more grateful to me, than 
the Explanation of a Phjenomenon I have fo long defire4 
to underf^and^ and which is looked upon almofl as a 
Prodigy ^mong Country People, 

Cleen, As much as . this has amufed and furprifed many 
People, and as prolix and tedious as fome Difcourfes have 
J)fen %o iexplain it, you will find that thofe is nothing 

grange 
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itrange or wonderful in the Nature of the Thing itJclC^ 
and that it requires but very few Words to explain it, 

at leaft to the Apprehcnfion of the Fair Sex, For 

this Purpofe^ take your Globe, and reiSli fy it for the La^ 
tttude of England^ and turn it about, 'till the two equi- 
noctial Points are ia the Horizon, the Vernal Equinox in 
the Weftern Part^ and the Autumnal Equinox m th« 
Eaft. 

Euphrcf, Thb I have done ;• — ■- - and what follows 
then f 

Gesn. You will then obfcrve, that the Ecliptic has * 
great Elevation a^bove, or makes a very hrge Angle with 
the fouthern Part of the Horizon, vit,. about 62 Degrees, 
Now turn the Globe about, fo that the Equino£lial rointa 
may interchangeably pofTcfs the fame Parts of the Horizon 
as before, i, c, the Autumnal Equinox m the Weft cm 
Point, aad the VernaJ Equinox in the Eaftern Point, 

Euphrof. This is eafily done ; -*- and I gucfs what yoti 
have next to tell me.^— — Is it not to obfcne how fmall 
the Angle is which the Ecliptic now makes with the 
Hori'2:on f 

CUan, That is the very Thing, tny Euphrofym^ for 
on thcfc two different Pofitions of the Edtptic, with 
refpe(5l to the Horizon, the whole Affair depends, which 
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tbtn look at the Hour-Ind^x, and you will iee it point to 
1 6 Minutes pall VII. — ^Whence you obfcrvc, the Time 
pf her Rifing is one Hour and a Quarter later than oi) the 
Equino^ial Uay, or Evening before, 

Eufbrof. All this is very eafy j and I prefume you are 
fiext to fliew the fame Thing, or the DifFcrence i(i thp 
Time of her Rifing for the other £)quino£lial Day. 

deon. You rightly judge of my Intention.— I bring t1i6 
foint of Libra^ which the Sun is now fuppofed to pouefsy 
fuid place the Index to the Hour of XII. — ^Thcn turning 
the Globe, I bring that Point to the Weftern Point of the 
|forizon> to (hew the Sun there fetting, with the Inde:( 
pointing to VL — Then in the Eaftern Point of the Ho- 
iizbn, the Moon is rifing, at the fame Time, in the firft 
Point of Aries, — Then, fmce the Moon will, by Sij( 
o'clock the next Evening, have advanced 13" forward, 
1 muft tvum the Globe, till the i j« of Aries rifes ; — and 
J turn it, you fee, but a very little before the Moon 
appears ; for )ook at the Index, and you will fee it point 
out the Time of her Rifing, which is but about %% 
Minutes after VI, 

Euphrof, The whole Thing is now unravelled — ^By" 
this Experiment, \ at once fee the Nature of this Phae<^ 
pomenon.r:— The fmali Angle which the Ecliptic now 
makes with the Horizon, is the Reafon why \o fmaU a 
Motion of the Globe is necelTary to make the Mdon rife 
after the fctting Sun. -*- But 22 Minutes DifiRercnce iti 
Time now, and 76 in the former Cafe. — Hence it is 

Jery evident, that for (everal Nights about the Autumnal 
Equinox, we are no (boner beren of the Sun- Beams, but 
the Moon illumines the Sky with her filver Light.*-^ 
The contrary of all which muSt happen at the Vemal 
Equinox, where fo large a Space muft intervene between 
the Setting of one Luminary, and the Rifing of the othefji 
and confequ^ntly, I am fully fatisfied from hence, why 
thpfe lightfopie, ples^lant Evenings ihould occafton the 
foremen tioned Appellations of the Moon, as being fo par^ 
ticularly ferviceabfe to Shepherds, Sportftnen, and People 

in the Harveft-Field. -And I farther obferve, that this 

fmall Differ^ce of Time between the Setting of the Sun 

and the Rifing of the Moon, in the autumnal Scafon, 

^il{ be ftill ffurther leffened, when the Nodes of the Moon 

5 ' arc 
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are in the Equino^ial Points, i. i. when the afcending 
Node poflefles the firft Point of Aria j for then the 
Moon's Orbit will be moft oblique to the Horizoii^ gr 
make the leaft Angle with it. 

Cltsn. Your Rcadinefs in apprehending the Reafon of 
thefc Pha?nomena, fuperfedes the Neccility of infilling 
any longer upon this Subicdl. 

Your ncxtExercifc will be the Planetary Praxis^ which 
will afford you fuch Inftru^lion, a.s will be attended with 
equal Pleafure and Ufe, and be a convincing Proofs how 
neceflar)' a Part the ccleftial Globe muft be of an Ap- 
paratus for the Education of young; Gentlemen and 
Ladies, 



DIALOGUE \TI. 

7*fo Vfi of the Celestial Globe* in the Saiutkn 
of Problems relating t& the Planets and Co- 
METS, eximpiified in that which latefy appeared. 

Ckoniois, 

rx^ H E prcfcnt Hour, my Euphr&fyne^ is dcftincd for 
I your farther Inftru^ion in the Do^rine of prafti- 
cau Aftronomy. You know full well how ufefijl the 
Ceieflial Globe is, in the Refolution of fuch Problems as 
relate to the Sun and Moonj and you will now find it 
very eafy to apply that excellent Inftrumcnt, in the fajnc 
Manner, to folve all fuch Queftions as relate to the Pla- 
nets and Comets. 

Euphr&f I make no Doubt but I fhall i and It is a par- 
ticular Pleafure to find, that Problems of fo fublime a 
Nature, admit of a Solution with fuch great Facility by 
the Globe. The happreft Invention furc that ever Man- 
kind was blefl: with f And it is no Wonder, when wc 
lee thofe noble Inftruments in the Study of ^y^ry Gen- 
tleman and Lady of Tafte.— With regard to the Planets, 
I prefume^ there will be no great DiiBculty ; but how 
you are to inculcate the Ufe of the Globe for the Comets, 
I am quite at a Lofs to gucfs^ as I have fcarcety ever 
fi^ai^d fuch a Thing, or ever find the Mention of it in thofe 
. 3 Authors 
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AudKirs you have recommended me to read upon thf 
Subiea. 

CleM. Never fear, my Eupbrofiney though the 
Subje^ be new, it is not difficult ; and you may haye 
the Pleafure of being the firft of your aex, to enjojf 
the Benefits of the Praxis on Cometary Aftronomy. The 
Comets are, properly fpeaking, no other than a very 
large and numerous Clafs of Planets, whofe Motions^ 
performed in the Heavens, I have already explained to 
you ; and it is the Glory of the prefent Age to have the Mk 
and fulleft Confirmation of this new Species of Aflrooo- 
my confirmed, as we may fay, by Experiment. I mean^ 
by the Return of that Comet, which I formerly told you 
was exped^ed, and which, during the Month of Mof 
laf^, (1758] made its Appearance above our Horizon, ac- 
cording to the Time csdculated, and predidbd by the late 
great Dr. Hallby. 

Euphrof. The Novelty, as well as the Ufefulnefs of 
fuch a Subje^, mufl give the higheil Pleafure to every 
voung Tyro in Aflronomy.— The Return of a Comet 
nas a Sound, greaf as the Event itielf ; and U I can 
be fo happy, as to underfbnd by the Globe the feverai 
Appearances of fuch a wondenul Phaenomenon, in 
its Paflage through the vifible Part of our'Syibm, it 
will be the Completion of mv highefl Expedations. 

But, I fuppofe you will begin with the Planets 

firft. 

CUsn. Yes ; but that will prove a fhort and eafy 
Talk, as you have been already inflru^d in the Man- 
ner of finding the Places of the Planets for any given 
Day in the Ephemtris ; and likewife, at the fame Time^ 
the Manner of finding their Places in the Heavens, by 
an artificial Planetarium *, and their Pofitions and Af- 
peds with refpedt Xo each other. The Ufe of the Globe 
for this Purpofe is only for the Sake of Variety, and 
fhewin| the fame Things, if poffible, in a more natural 

and eaiy Manner.-:^ The firft Thing, therefore, that 

I (hall enjoin you is, to take your Paper and Patches and 
your EpbemertSy and lay them before you on the Table. 
by the Globe«— -Then find each Planet's Place fepa- 

rately^ 

-' "«■ ' ' ' " " ii.i. ■ I I 1. ■ ■ 

• ^/r Dial. XIU. /. 85, 86, 87, rf Voh\ I. Fart I. 
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rately, for the firft Day of Omber next. — Then fiicic a 

Patch on each Planet's Place in the Ecliptic, denoting 

the Si^e of the PJanets*^ And, laftly, reftily the 

Globe for the Hour of X J in the Evening of the afore- 
faid Day. 

Euphrof. This ProbJem, I fee, confifts of four Parts, 
t^ each of which I fhall readily addrcfs myfelf. " 

Here are the Patches^ in the firft Place ^ and here 

a!fo the Part of the Epbgrnms. Nov/, let me fee 

for Oifohfr^ the ift Day j I obferve^ in the Column of 
Saturn Retrograde {ft}* I find his Place is lo^ : 36' of 

Pifcei (k). This Place I find in the Ecliptic 

on the Globe, and there I ftick a large Patch. 

So far I am right, with regard to this Planet, CUenkus, 

CItoft, I fee you arc extremely ready at finding thff 
Planets Places. You want none of my Inftrudtions^ 
but may proceed in the fame Manner to find the Placet 
of z\\ the Reft on the Globe, 

Euphr&f, In the next Column, I find yupittr If 
poflcflcs 13"* : 38' of Capruorrt >f, and becaufe he is 
the iargeft Planet, I fhall put a Patch of the largeft Size 

on that Pome of the Ecliptic on the Globe. ^In 

the foUowtn^ Column » I find M^rs ^ in qo : 20' of 
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to die Hour of XII, — and thus the Globe is redified 
as Tou require. 

Cltm. It is fo. — And now nothing remains but to turn 
it found, 'till the Index points to the Hour of X at 
Night, and then you will fee which Planets are vifible 
ab^e the Horizon, and which are not ^ alfo the Time 
when they rife, culminate, fet, ifc. when they may 
be feen with a Telefcope, and when not ^ with many 
other ufeful Particulars. 

Eupbrof^ That is done. And now I observe the 

lai^eft Patch at the weftern Part of the Horizon, which 
{htwsyupiur near fetting at that Time. — The next larger 
P^ch, I fee, is a little on the Eaft-fide of the Meridian ; 
hy which I am informed, that the Planet Saturn is, at 
that Hour of the Nieht, nearly South ; but, as for the 
it& of the Patches, f fee none above the Horizon, by 
which I am fatisfied they are all invifible below Ux that 

Time of the Night. 1 learn from hence, that Saturn 

then is in the beft Situation to be oblerved by the Te- 
lefcope ; and that Jupiter will be too low in the Atmo* . 
fphere, and too near the Horizon to be well obferved, 
even at g o'CIock. — I move the Globe to bring Jupiter 
on the ^^ridian, and it fhews him full South, at Half 
an Hour after VI, on that Day; at VII nearly^ 'I 
fee the Planet Venus fetting, — and the Planet Mercury 
rifing at Half an Hour after XII. — ^The Planet Mtreury 

rifes about V, a little before the Sun. And thus I 

am inftantly fatisfied of the Appearance of thofe Planets 
for that particular Time ; and can ealily find them for 

any other.— What is there farther to be done in the 

planetary Praxis ? 

CUon, Nothing material. One Thing only may be 
obferved, that their Orbits do not coincide wixh the 
EeHptiCi yet, as they deviate to fuch fmall Diflances from 
it, it is not worth while to confider it in Pradlice, as it 

njakes no fenfible Di^crcnce on the Globe ^.-^ We 

therefore 

• Bat left any of our Readers fhould ^avc the Curiofity of 
performing thefe Problems according to the precife Truth, and 
woald chufe to reprefeat their Orbits by a "filkeD Strin?» or 
Thread, as was directed in the Cafe of the Moon; it will be 

nccciTary 
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therefore next proceed to the Camet, and your Bunncf) 
no;v will be to learn, bow you trace the Courfc of a Comet 
througb the Heavens, on rhe Surface of a ccleftial Globe, 
and to fliew the fame, during the whole Time of its 
Appearance, Of this you will have an Example, fuffi* 
cientiy noble and (nftm(4ive^ In the Comet which lateJy 

made its Appcarance.^ ^This Comet wa5 fecn at Eajhn 

ill New- England^ in the Months of Oif?i?A^r and Nifu^mber^ 
1758, in its Return to the Sun^ vfhi^ the Orbit of the 
Comet was but a fmall Diftancc from that of the Earth, 
in the Part where they obf^rved it \ after which, it ap- 
proached fo near the Sun » as to be lofl in its Beams for 
ibme Time, 'till after pafling the P^rihelhrt, it became 
again vifible in its retr^gr&di Courfe from the Sun, towards 
the latter £nJ of March i when it was feen^ and obferved 
by many Gentlemen in the Wtft-lndie^ and particularly 
by Mr, Brown ttyamaUa^ it was obferved, during the 
whole Month of Aprils and Part of May^ whofe Latitude 
rendered it vtfible to him, while it was for the greateft 
Part of the Time invifible to us, by rcafon of its fouthem 
Courfe through the Heavens. This Gentleman has given 
us an Obfcrvation on the Comet, on the 31ft of March^ 
by which you will cafily find its Place in the Heavens, 
on the Surface of the ccleftial Globe* But fii ^ 
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Evfbrof. As you give me the Latitude, I can as well 
rectify the Glol>e for the Latitude cf Jamaica^ as for that 

of England. Therefore I bring 17** : 30' to the Horii* 

zbn, which (hews the Elevation of the Pole for that 

Place. Then on the 31ft of March^ I fee the Sun's 

Place IS in lO* : %^ oi Ar'us t, which, therefore, 1 bring 

to the Meridian, and fix the Index to XIL Thus it 

is redificd for the Noon of that Day. What is to 

be done next, CUonicus ? 

Clean, At Five in the Morning, that Gentleman ob« 
ierved the Comet's Altitude was ^^^ : 50', and its Azi-. 
muth 71" S. E. — By this, you' will readily enough find its 
Place on the Globe, from what you have already learned. 

Euphrof I believe I fhall be able to ailign its Place 

with a little Recolle£lion. The Time was Five in 

the Morning ; therefore, I muft turn the Globe about, 

'till the Index points to the Hour of V. ^In the next 

Place, the Comet's Azimuth, it fecms, was 7 1** from the 

South towards the Eaft. This requires the Quadrant 

of the Altitude to b^ fixed in the Zenith, — which J 
have done,— Then I bring the faid Quadrant -to cut the. 
I^rizon in 71^ from the South Point j — and laftJy, fince 
the Altitude of the Comet was then 22** : 50', under that 
Point in the Quadrant, will be the Comet's Place, where 

of Courfe I muft ftick a Patch to reprefent it : And 

I think I am fo far right. 

CUon, You are, my Euthrofyney right in every Parti*. 

Cular but One. Your Comet has got no Tail 5 but 

that we (hall difpenfe with for the prefent. ^Vou have 

juftly affigned its Place for that Time, which you*ll ob- 
lerve to be in the Zodiac^ with about 3° N. Lati.ude frocii 

the Eclipticj and in about the 27" of Aquarius, Kow, 

Ibcw me the Time that it rofe in the Horizon of Great* 
Britain^ on the above-mentioned Day. 

Euphrof. That I (hall inftantly do. The Globe is 

now elevated for the City of London. 1 next bring the 

Comet to the weftern Part of the Horizon, and find it 
there between Two and Three o'Clock in the Afternoon j 
therefore it could not be feen in the Evening.— Next, 
I bring it to the eaftern Horizon, and then obfcrve, the 

Index points to 4.5' afcer III. ^I'his, therefore, was the 

Time of its Rifing that Day. But, pray, how came 

Vol. II. F ' the 
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the Btfiijh Aftronomers not to obferve it, or mention its 
bein^ feeii at that Time in England? 

Chsn, This 1 cannot eafily account for^ unlefs it was,* 
becaufe the Sun was near the Honson, znd caufed a 
Twiltght, or Dawn, too ftrong for it to be obfcrvcd ; as 
likewiie, the Vapours of the Atmofphere might be another 
Rcafon for rendering it incapable of being feen j but it 
was quite other wife in the Latitude of jamakay where 
the Comet was high, the Sun much below the Hori^on^T 
and the Morning dark at the Time of obferving tt.-^Yon 
have thus found one Place of the Comet, and by finding 
one other, you will be able to reprefent the Tradt which' 
13 defcribed in the Heavens between both. 

Euphraf. For that Purpofe, I fuppofe, it will be ne- 
cefTary, that you mention the like Obfervation made ofl 
the Comet at fomc other Time, and Place. 

CUon. That is a Point certainly hecelTary, and I fhalL 
give you my own Obfervation s for that Purpofe, which 
were accurately made the 6th Day of Aftfy, at Ten in the 
Evening, by meafuring its Diftance from two Stars in the 
Back of Hydra^ which you fee marked with the two Greik, 
Letters /t* and v, and by an Azimuth Quadrant, its AI-* 
titude was found about i6^, and its A/iinuth 37** S. W* 
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Ck$H. You muft know, that the apparent * Path of the 
Comit through the Heavens is pretty nearly a great Circle 
of the Sphere ; and therefore, as you have two Places of 
the Comet reprefented on the Globe, by the two Patches, 
if you bring the Centers of both thofe Patches nicely 
into the Horizon, you may, with a Pencil, draw a Line 
from One Patch to the other by the Horizon, and that 
will tolerably well reprefent the apparent Place of the 
C§m€t^ from one Time to the other 5 that is, from the 
31ft of March to the 6th of May, 

Euphrof, This I will endeavour to do : — By railing and 
depreffing the Pole, and adju fling the Patches towards 
the Horizon, I find the Problem not very difficult.—— 
I have, at length, brought them nicely to coincide ; one 
in the eaftern, and the other in the weftern Part of the 
Horizon.— From the eaflern Patch, I draw a Line by 
the Frame of the Horizon to the weftern Patch, and it 
ihews a vaft Tra£t of the Heavens, through which the 
Comet paflcd in (o fhort a Time, vi%, more than 150^, 
which (hows the Motion of the Comet to have been very 
quick; and I obferve, it pafled through the following 
ConfteUations in its Way, vi%. by the Tallof Capricorn^ 
the Tail of Pifcis Auftralisy by the Head of Indus^ the 
Nnk and Bodyoi Pavoj through i\ic Neck of Jpus^ below 
Triangulum Aujlralem^ above Mufcoy by the Lowermoft 
of the Croftersy a-crofs the Hind Legs^ and through the 
Tail of dntaurus ; from thence between the two Stars 
in the Back of the Hydra before-mentioned j after this, 
it paiTed on to Sextans Uraniiey and then to the Ecliptic, 
near Cor^Leonis^ after which,, you can better tell what be- 
came of it than myfelf. 

Cleon. Your Performance is excellently good, my 
Eupbrofyne.—'TYiTOM^ thofe very Conftcllations, Mr. 
Brown obferved it to pafs from Day to Day, during the 
Month of Jprily as appears by his Letter, containing the 
Obfervations which he made, and are now published 
for the Satisfodiion of the curious f. You'wiU eafily 

' • Sec the Print of the Comeths Path, taken from the Globet 
&a the Magazine for the Month of May, 1753. 

t Sec the Beginning of the Mifcellany for the laft Month. 
F 2 obfervQ 
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obferve from the Whole, that the South Latitude of the 
Csma being fo very great ^ appears riow to be the Reafoa 
why wc in England could not fee it in that Month ; and 
that itwasjuit about the Beginning of May^ when it 
emerged again sbove our Horizon; after which it regaled 
our Eyes with a faint Appearance^ 'till towards the Utter 
End of that Month, and gradually difappeared by its 

diftant Recefs, —Thus much will be fufficient for 

giving you an Idea of the Manner, in which the various 
Phititcmmn of Ccmets may at any Time be rcprefented 0|l 
the Globe : Befides which^ and the Ccmelarium heretofore 
ciefcribed^ you may ftill receive a much clearer Infight 
into the Naiun and Motiam of a Cmntt^ by canfuUing the 
fcveral Prints which have bern publiflicd, with regard to 
the prefent Cornet ^ and particularly that, in which the 
Orbit of the faid C^nut is elevated, and its daily Motion 
marked out, together with the Ecliptic, divided into iQ 
the Months and Days of the Year, which now you afft 
very well qualiilcd thoroughly to undtrftand J, Inhere is 
yet a farther Ufc of the ccleftiaJ Globe, that will aiFord 
you fome Amufement ; at leaft it will be neccfTary, that 
a young Lady of your Tafle Hiould not be unacquaintftl 
with it ; I mean, the Solution of thofc Problems, which 
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could iirft contrive to reprefent, in fo natural a Manner, 
the va/l expanded Canopy of the Heavens, with all its 
refplendent Furniture, in fo fmall a Compafs as the Su- 
perficies of an artificial Globe. I have but one Qbje^ion, 
or rather, but one Thing to remark, and that is concern- 
ing the Form of the GJobe. The Surface of the Globe 
is convex j and that of the Heavens concave -y how then can 
one be an adequate Reprefentation of the other ? 

Cleon, This is veryingeniouflyobferveJ, my Euphrofyne\ 
but you will fee the Anfwer is very eafy. There is no 
Difference, in Reality, between the convex and the con- 
cave Surface, any more than what the Metaphyficians call 
M^dal^ and only exifts in the Form ; the optical EfFcd^ 
of viewing any Thing, upon a convex or concave Sur- 
face, is the fame to an Eye, placed in the Center thereof: 
Suppofe, for Inftance, you had a Sphere of Glafs, and 
vour Eye was placed in the Center, it would be th&fame 
Thing, if the Stars were marked with a Diamond on 
the external or internal Part of the Surface, /. e. on the 
convex or on the concave Side; and it is the fame 
Thing, \n regard to the artificial Globe, to an Eye on the 
Outfide of it. For, if that Globe was to have Holes 
pierced through the feveral Stars, and the Globe properly 
ledlified for a given Time, an Eye, placed in the Center, 
would view the Stars in the Heavens through thofe Holes 
rcfpedlively J each Star in the Heaven anfwering to its 
3R.eprefentative on the Globe j znd therefore the Longitude, 
Latitude, and other Affeftions of the Stars, may all be 
detennined by Means of the Apparatus to the artificial 
Globe^ and made to corrcfpond exa^lly with what wc 
obferved in Nature, or in the Heavens thcmfclves. 

Euphrof. You take a good deal of Pains to inform my 
unexperienced Judgment in Things of fo fublime a Na- 
ture : — But to come to the Point ; Is there any Difficulty, 
arifing from any different Methods in folving Problems, 
ivlating to the Rifing, Setting, Southing, ^f. of the 

The Print of the Comet in the Magazine for the Month of 

May, 1758 ; and the Print, nxjhich nve ga've to illuftratt Mr* 

Brown*j Letter in the loft Magazine, 

See al/o the large Print, intitule J, The Won DEBS of thf 
C^oifCT^RY WoftLD difplaved, i3c. 

t 3 . Stirs, 
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Stars J more than what you have already ihcwn cic, 14 
regard to the Sun, Moon, and Planets ? 

Chun. Very little, my Euphrofym ; for which Reafoii 
we flisU foon difpatch that Affair. You have already 
tccn fuflficicntly t^iught the Doftrinc of the Sphere, ana 
the life of the fcvcr^l Circles, particularly the Cirfks ^f 
LaUrudi\ which belong to the Ecliptic ^ and therefofe 
will here need no farther Defcriptiorn and, I dare fay, if 
I require you to afllgn me the Latitude and Longitude^ 
the Declination, right Afcenfion, the Time of Rtfmg^ 
Southin?^j l^c. of any particular Star, you will i>ot need 
my Affiftance for that Piirpofe, For Example, you may 
try your Skill with the St:ir Anlurm \ one of the moft 
remarkable Stars of the fir ft Magnitude, in the Skiris 
of B$^t'S. 

Euphrsf I um proud of the Tafk you have fet me, and 
will give you a Proof of my Proficiency in the bcil 

Manner I can, The firft Thing I have to do, I am 

afluredj muft be to re^^iify thcGJobc for this Place ; and 
fmcc 3 Star is the SubjeiJl, and can be fecn only at Night, 
therefore fonic Hour of the Night mult be fuppt^fed- 

whrch fhall be Ten o'ClocV this very Evening* And 

now the Globe is rectified for that Time, And here, t 
ith hi ^ ^ - 
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look for the Day of the Month on the Horizon, ag^inll: 
which I fee 16^ : 30' of Lec^ ^e Place of the Sun this 
Day at Noon, which Point of the EcHptlc I bringto the 

Meridian, and fet the Hour Hand to XH. -Then I 

tmn the Globe, 'till ArSiurui appears in the eaftern 
Horizon, and then the Index points out the Time of his 

Riling, vt%, IX o'clock this Morning. 1 bring this 

j^tar to tl^e Meridian, and the Index pointing to V in the 
Afternoon, ihews that to be the Time of its Southing* 
— Laftly, I turn the Globe, *till Ar6lurus is in the 
wefterp Horizon, and the Index pointing to II, gives the 

Time of its Setting To-morrow Morning. The 

Amplitude of its Rifmg is near 34^ to the North \ an4 
fo much is the Amplituide of his Setting of Courfe. 

CUon, You are fo ready in the Praxis of the Stars, that 
I have little more to obferve to you on that Head. It 
spay not be amifs, however, to hint to you, that, when 
a Star is iituate between the Ecliptic and the £quino£lial, 
its Latitude may be of one Denomination, and its Decli- 
nation of another ; thus, for Inflance, Aldebaran in the 
jBtt/Ts Eye, has South Latitude and North Declinatioi>, 
. ■ i ■ Another Thing I may' obferve to you, and that is; 
there is a Sort of Poetical Aftronomy with regard to thje 
Stars ; or, there is what wc call the poetical Rifing 
and Setting of the Stars, which was much taken Notice 
of by the antient Poets, Hiftorians, and Hufbandmen, 
(which you will readily obferve in the Writings of He- 
fi^dy Homer J Ovidy ^c.) as it was the principal Method, 
by which People, in that Part of the World, and in thoCe 
Days, diilinguiihed the Changes and Diverfity of the 
Seafons. Of thefe Rifings and Settings, there were three 
Kinds, as follow. Firft, the Cofmical Rifmg of a Star, 
which is, when it rifes with the Sun j but the Cofmical 
Setting is, when it fets at the Time the Sun rifes. Se- 
condly, the Acronical Rifing of a Star is, when it rifes at 
the 1 ime the Sun fets ; and the Acronical Setting is, 
when it fets with the Sun. . Thirdly, the Heliacal Set- 
ting of a Star is, when it approacnes fo near the Sun, 
as to difappear in its Beams j and when it emerges from 
its Beams, or again becomes vifible, then it is i'ald to rife 
Heliacally. 

F 4 But 





7» THE YbUNGGENTLEMAN 

But thefe Things we fiiaU illuftrate hereafter. To he 
farther tnfiftetl upon at prcfent would be mifpending of 
Time, and t ho ugh you are wcH vcrfed in thofe Poets » 
yetj till you have Icarn'd their aftronomical Diftin(5tion& 
of the Scafons, by the RtfiWg and Setting of the Stars, 
and by the Globe properly conftru£ted to fhew them, k 
will not avail you to have any Examples of thts Sort 
to pra£tife ; but \^hen you have that, it will open a fine 
Field for your Phyftcs-Pcetical Speculation^ and View of 
diftant Times. 

Euphrcf I will make it my Bufinefs to profecutc 
that particular Pait of Study^ as I apprehend there will 
ht fomething very curious : — But what other Pioblepi 
am I next to prai5tjfc on the Globe ? 

Cifon* One other j the moft confiderablc and enter*- 
taining of all, and that is,— to flicw me the Face of 
the Heavens, or what Stars will be vifible on the Fidl 
Day of Oaohrr, at IX at Night ? 

Euphrof Confidering the Nature of this Problems 
1 find it is doing but little more than I have done before ; 
but as it is of To general and curious a Nature^ I will 

proceed to it Step by Step, Firft, I reftlfy the 

Globe to the Latitude of London ; —-then the Sun's 
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Clem, This is the grand Deftgn and Ufe of the 
cejeftial Globe, which is, as it were, the Primer of 
Agronomy, by which our Youth arc inftrudled i^i the 
cclcftial Charafters, and taught, as it were, to read 
\n the ftarry Heavens. — There are yet other nobler tJfcs 
to be made of the celeflial Globe ; one In (Vance I fhall 

five you in Navigation, the mcft beneficial of all 
ciences, which is, to find the Hour of the Night, by 
having the Latitude of the Place, and the obferved Al- 
titude of a Star given, 

Eupbrof, As I am not fo clear in this Problem, as 
m fome others, I fancy, I had better fee you perform 
the Thing, than attempt it myfelf, left I (hould blunder 
about it. 

Cleon, The Method is very eafy. Thus : — Suppofe 
in the Night, following the Firft of Oaober^ a Perfon 
ivas to take the Altitude of the Star Bellatrix, and find 
it juft 30» in the Latitude of 51® : 30^ Then to find the 
Hour, nothing more is rcquifitc, than to reflify the 
Globe for that Day and Latitude. — Then, I bring the 
Quadnint of Altitude towards the Star Bellatrixy in the 
Left Shoulder of Orion^ (which is in the Eaflem Hc- 
Biifphere) and then, moving the Globe and Quadrant 
fo together, till the faid Star com^s exactly under the 

30^ of the Quadrant. Here I let the Globe reft; 

and, if you look at the Index, you will find the Time 
is thereby ^ewn to be Half an Hour after I. in the 
Morning. 

Eupbrof. By the Manner of your performing this 
Problem, I fee it is very eafy, and will fhcw the Hour 
of the Night by Land, as well as at 'Sea; to which 
Purpofe, 1 fhall now and then apply it by Way of 
Amufement. 

Cleon, In all thefe Problems of Tt&Hyxtig the Globe 
for any particular Time, you obferve, among other 
Things, the Courfe or Pofition of that remarkable 
Pbienomenon^ called the Gallaxyy or Milky^tvay^ among 
^he Stars in the Heavens for that particular Time. 
Thus, for Inftance, on the Firft of O^oher, at X at 
Night, you will obferve the Gallaxj to pafs exaflly 
thro* your Zenith^ or over your Head in the Heavens, 
^n(l to cut the Horizon of Courfe at right Angles in 

the 
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the E.N. E, and W* S.W. Points of the Horizon} 

and It is very rare, that ever you fee it in fuch a 
Pofition, z$ to divide the vifible Hemifpherc into two 
equal Parts; as there is but one other Time of the 
Year irt which you can obfcrvc it, 

£tiphrsf. This is a curious Affair, and 1 fcaJl diH- 

gentiy attend to fuch Appearances. One Thing 

further I have taken Notice of fmce I have been inured 
to the Ufe of this Globe ; and that is, that feveral of 
the Stars never fet in our Latitude, but are vifibic the 
whole Night; and^ on the other Hand, that feveral 
Stars ajid Conftellations never appear above our Horizao, 
©r arc feen by us at all. 

Clesrt. it is rightly ohferved, my Ei/phrofyxfe \ ajid 
the Reafon is evident from the very Pofition of the 
Globe itfelf i fince all thofc Stars, which are at a lefc 
Diftance from the North Pole than the Latitude of 
the Place, muft ncceflariJy circulate about the Pole 
above the Horizon, when on the North Part of the 
Meridian ; and, on the other Hand, thofe Stars, whofc 
Southern Declination exceeds the Complement of ihc 
Latitude, can never appear above the Horizon, which 
you well remember in the Cafe of the ComH at our laft 
IntcfVicw. 
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not that I am weary of thde celeftial Stn^ici j if jmy 
Thing farther remains, I (hall be all Attention to iuL'^ 
derftand it. 

CleoM. There is only one Particular mor« of Confe^P 
quence to be confidered, which is a Point of a very 
curious and fublime Nature. I have formerly mentioned 
to you fomething of this Matner; when I told you^ 
|hat the North Sur, whofe Motion i$ now altogether 
infenfible, will, in other Ages of the World, have a 
Motion like the reft of the Stars, extremely obvious, 
round other Points in the Heavens.— In fliort, the 
whple Affair is this ; the Globe of our Earth has another 
Motion bcfides thofc already mentioned, when we dif^ 
courfed of the Orrery^ which is properly a conical Motion 
of its Axis about the Axis of the Ecliptic, by which 
Means, the Poles of the World have a Motion about 
thofe of the Ecliptic. This Motion is retrograde, or 
contrary to the Order of the Signs, and, in Confcquence 
of this, not only the celeftial Poles, hut the Stars that 
gre near them, and, indeed, all that we fee in the 
{leavens, muil necelTarily appear, in Courfe of Time, 
to move forward. This Motion of the Earth's Axis 
l)ackward is, indeed, very flow, being only at the Rate 
of about 50" in a Year, or i<» in 72 Years ; therefore 
to move through 360^, or a whole Circle, will require 
no lefs than 25920 Years ; and in that Space of Time» 
the Stars will all of them have an apparent Motion quite 
round the "Heavens; from whence you will underftand, 
that thofe, who live in the different Parts, or Ages c^ 
this great Period, will ncceflarily fee the Stars in diflFerent 
Part:) of the Heavens ; for fince the Place of each Star 
moves forward one whole Degree in 72 Years, the 
Change of their apparent Places will be very evident in 
the Space of one Century, and therefore, from one 
Age to another, the Longitude of the Stars wjU be 
continually increafing, till they have compleated one 
entire Revolution through the Heavens. 

Euphrof, This to me is a new Doi^rine, and as it 
conveys fuch wonderful Ideas, I (hall think myfclf ex- 
tremely happy, if I can undcrlland it by any Means, 
p^T mechanical Contrivance, applied to the Globe 3 for 
I Qbferve, you have made a ProviHon of (hat Kind, as I 
5 hw 
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here fee a Globe with fach Appurtenances as arc not 
ufual or common ; by which^ 1 prefumc, you are to 
explain this Phi^omemn to me. 

Ciesft, That is the D.Tign of this new Conftru<5lion, 
my EuphrGfyne. — There are feveral Ways, by which 
this Motion may be cafily reprefentcd to you \ one Ls, 
by this new Difpofuion of the celcftial Globe; others 

you will fee hereafter. This Globe is fo contrived,, 

that the Poles of the Equjnodial arc made to move at 
Pleafure round the Poles of the Eclipticj and fo to 
reprefent the Vice of the Heavens for any Time of that 
]ong period above- mention ed^ namely, twenty -fix ThoU' 
find Tears. — The late Mr. Semx^ among many othei: 
Improvements of the Globe, contrived this principal 
one : By Means of thefe Pieces of Brafs, which you 
fee on either Side of the Globe ; in one End of cacli 
is a Piece of Iron, fixed and applied to the Brafs Meri- 
dian as ufiial, to give the Globe a Motion on the Axis, 
or Poles of the World. — The other End of each Brafs 
Arm is applied to the Poles of the Ecliptic, in fucb'a 
Manner, as that it may be fixed, or moveable at 
Pleafure, By this Means, the Poles of the World^ 
or of the Equlno^Slial, may be placed in any Portion 
about the Poles of the Ecliptic; and as they rev oh 




UNO LADY'S PHILOSOPHY, 



11 



Clfm, The firft Thing I do is, to loofen the Brafs 
Arms upon the Poles of the Ecliptic, by which Means, 
you fe how eafily I move the Poles of the World to 
any different Part, from where they now arc> ■ 1 will 
move each Pole one fourth Part, or 90° fmm the Po- 
ficion ihcy are now in, and there fixing the Brafs Pieces, 
the Globe will revolve on the Poles of the W^orld iti 
the fame Manner as before, and will exactly reprefeot 
the Face and Appearance of the Heavens for that Time 
to come, or future AgCj which \^ One- fourth Part of 
Che forementioned Jong Period of Time. [L i*) Yqu 
now fee the Globe, as it will be reftified by the People 

who live 6500 Ycars^ hence.^ Here the following 

Particulars you wiU obferve, (i) That the Elevation 
of the Pole is always the fame, the Latitude of the 
Place not being at all affected by this Motion ; therefore 
I ftill fet 51** : 30' of the Brafs Meridian to ihe Hori- 
zon. (2) Yon obferve, that the equinoctial Points, 
by this retrograde Motion of the Pole, has receded from 
the fiiiV Point of Arm to that of Capric^n ; for there 
the moveable Equinoctial inreicepts the Kclipttc. (3) 
Fiom thence you learn, that, at that Time of the 
World, the vernal Equinox will happen about the 2 2d 
of Dicembtr^ the Time which is now our Mid -winter. 
(4) That, as the cquincwttial Points have moved thro* 
three Signs backward ; fo the Stars mnk of CourJe 
appear to have moved as much forward ^ that is, their 
Longitude will be increafed 90^. (5) h% the moveab!c 
EquinofStial liow contains an Angle of ^4'' : 30' nearly, 
with the fixed or prcfent Equino<StiaJ ; fo the Declination 
of Stars will be much altered thereby 5 (6) for thofe 
which had none before may now have a Decimation of 
any Qiiantity lefg than 34*: 30'* (7) Thofe Stars, that 
&&Hth Declination before, may now have their 
lination Norths and the North Decltn;itIonti may be 
ged to South. Thus, at prefent, Ccr Ltmli hai 
about 14** North Declination, in that Age its South 
Declr nation will be greater ; the fame you obfervc of 
many other Stars, (8) Thofe Stars and Conftcllations, 
which are now always vifible, will then rife and fet. 
Thus 0:i3iyUs's IVainy or Cre^t B^ar^ at pre fen t, never 
^ocs below, or near the Hoiizotij but ia the di!>ant 

Age, 
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Age, wc art fpcitdng of^ it will fac got almoft whollf] 
btlow the Hmizon ; as you i«e by revolving the Globc^ 

(9) On the Contfary, thofe Sura, which now rife 
and fct, as the Conflelladons, Dflfhinmf Siig'nta^ Vul~ 
fecufa^ JrfdrDmtda^ &£. will iheit he conftantly vifibJe, 

(10) The prcfcnt Pole-Star, which has now no fenfible 
Motion, and is always nearly the fame Height above 
the Horizon^ will then appear to circulate round the 
then Pole of the World, and will have a Dtfterciice of 
Altitude upon tht- Meridian, of full 64**? 30'. (11) 
A Star^ or Point In the Heavens, now between tlie 
Head and Right-hand of CepheuSy will then be the 
North Pole of the World, and appear without Motion.*. 
(12) Stars, which are now alrogcfhcr Invifiblc to ut'i 
in the Southern Hemifphere, will rife above the Horizon 
to the View of that Age. Thus Corma Aujlrdh^ ifiduty 
Gruif Fhi^nix^ Tfimarty Pav^^ Ara^ and Lupm^ will 
then be among the Number of vifible Coijftdlations, 
which are all of them at prcfent invifiblc to us. On 
the other Hand, Cmth Mapr^ great Part of the Hydra^ 
€r^ttt\ &e. will then be in vifible to that Age^ which 
are now fo confpicuoua above our Horizon, (ij) In 
that Age, when the Sun pofl'eiles the fame Pitrt of the 
Ecliptic, the fame Stars will rife at a very different Time 
from what they now do. Thus, when the Sun is In 
the firft Degree of Cmcer^ on the prtfcnt MidfummiT' 
da^^ Cor Lems rifes at about Half an Hour after Eight 
in the Morning ; but in that Age, it will rife at near 
Eleven, which will then be the Day of the autumnal 
Equinox, {14) The Amplitudes and Azimuthj like- 
wife will t\\\^n he very dj^trent from what they are now. 
Thus,* at prefcnt, on Afii^fummtr-daj^ Cer Lemis rtfes 
on the E. N. E» Point of the Compafs) but, in that 
Age, its Amplitude v^^ill be South, near two Point* 
ai5 a Half. {15} You will eafily obferve, from all 
that has been Taid, that the Seafons of the Year will 
have changed their Places m the Calendar ; for the vernal 
Equinox will be on the 2 id of Dftemher^ Miiifiimmer^ 
4^y an the 21 ft of Afarch^ the autumnal Equinox the 
22d of Junty and the Middle of Winter about the 1^ 
of Sipi ember. Thefc, and many ether Particular*, na- 
turally and neccffariJy follow from aU«ring the Pofirioa 
of the Poles of the W^rld, 
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iMphr9f, It is reallf very wonderful, to confider 
how many furprifing and important Changes happen 
fhxn ^ fmall a Caufe, as one would think Sat to be : 
I cannot but fay, thofe Things are very evident, by 
Means of this Apparatus ; but I believe, without it^ 
I could never have attained to any diilind^ or clear Idea* 
of fuch a new and complicated Syftem of mundane 
Changes ; and from this fvcHt Example, I can plainly 
fbrcfec, that, if you remove the Poles of the World 
backward, thro' another Quarter of a Circle about th« 
Poles of the Ecliptic, thofe Alterations and Changes 
will ftill appear much greater than before, with refpeA 
to the Time, Seafons, Motions, and various Phsenomena 
of the heavenly Bodies. 

Clean, Indeed they will ; and you ihall fee by my 
removing the Poles to the Places you mentioned, what 
an Afped the Heavens will have in fo diftant a Period 
as 13000 Years hence.— —The Poles are now fixed 
diametrically oppofite (on the other Side of the Poles 
of the Ecliptic) to the Place they at prefent poflcfs 5— 
and now, as the Globe revolves, you fee what wonder- 
ful Mutations enfue ; for now that very Star, which is 
our North Pole, and appears fixed, will, in that Age 
of the World, appear to defcribe a Circle round the 

then North Pole of 94** Diameter; that it will 

tranfit the Meridian at 8** : 30' to the South of our 
Zenith, on one Part, and defcend fo low as to be within 

5** : 30' of the Horizon on the other. The. 

Seafons of the Year are then diametrically oppofite to 
what they now are in the Calendar ; our Midfummer'* 
day will then be when the Sun enters the firft Sign of 
Capricamy and the firft Degree of Cancer will be farther 
diftant from the North Pole at that Time, and will then 
be the Winter Solftice : Alfo, the Vernal and Autumnal 

Equinoxes will then have interchanged their Days. 

The Conftellations within 23° : 30' of the Southern 
Pole of the Ecliptic on one Part, will then be vifible 
above our Horizon; as Mufca^ Crdjiers^ Apusy Trian^ 
gulum Aufirale^ l:fc, and, on the other Hand, many 
Stars of the firfl Magnitude will then entirely difappear 
from our View, as Sirius^ the Dog Star^ J^fg^i^ thofe 
in OriorCi Belt^ will be Scars unknown, at Icaft unfeen, 

by 



So 



THE YOUNG GENTLEMAN 



by the People of that Age, though, at prefent, the/ 
fhine with the greatcft Lultrc in our bcfpangled Canopy- 
—There wiU, likcwiie, be then the grcatcft Difference 
in the Deciinatton df Stars j as thofc which have now 
23** ; 30' of North Declination may thni have juft as 
much South i all which you readily perceive without 
enlarging further on Particulars, 

Euphr&f Thi5 is* .indeed, a moft noble Invention, and 
muit certainly be reckoned amongft the moft curious im- 
provements of the Globe. I fee, by this Means, it is 
cafy to rcprcfont cv^iy paU and future Age to our View^ 
with regard to the ccleftiat Pha-nonieiu. I make no 
Doubt, but the Learned can convert fuch a Do^ritie as 
this to fome very ufeful Purpofcs, If there be any fuch, 
that I could be informed of without too much Trouble, 
I (hould be very glad, 

Ckon^ The Ufes that arc made of this Motion of the 
Earth are fome of th^m very confidcrablc ; for hence you 
learn at once, that, fince the equtno£lial Points move 
hackward^ it will cafily account for the Motion of ihs 
Stars and Conftellations yi^T^^r^. Thus, for InfLajice, 
you fee, upon all the celelttal Globes, the Conftellattotis 
Jritf^ Taurus, Gemini , ^i\ arc now removed to the 
^f one whole Sign, from the 
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Upon this Globe, you fee the various After ifms as they 
were depi(Eled by the Antients, and amongft them the 12 
Conftellations of the Zodiac ; all of them placed in their 
proper Signs, and near to the Beginning of them. Thus^ 
you fee, the equinodlial Colure paffing through the right 
Horn and Foot of j^nes, not far from the equino<ftial 
Point ; the folftitial Colures likewife pafs through Cancer 
and Capricorny and not through Gemini and Sagittarius j 
as they now do; and the fame you obfcrve of all the 
reft*. 

Euphrof, I think, I may truly fay, this is one of the 
moft curious Things I ever faw. — One may learn from 
hence almoft the Age of the Globe, — But I obferve the 
equinoctial Point is removed backward from the Colure 
which paffes through the Foot of the Ram^ whence it 
fhouid feem, that this Globe was made fome Time after 
the cquintxStial Point was in that Colure. Pray, how do 
you conje6ture concerning the Age of this Globe ? 

Clean. Probably wc may reafon thus.* The equinoctial 
Colure (pafling through the bright Star in the Head of 
jfriesy and its Foot) appears about 5° from the equi- 
noctial Point on the Globe, which, at the Rate of 50" 
fer Annumy will give about 360 Years from the Time it 
had that Situation, to the Time the Globe was made. 

• • As very few of our Readers can have the Sight of this 
antique Globe and its Conllellations, and thereby an Oppor- 
tunity of obfcrving the Difference between that and the prc- 
fent celeftial Globe, we have thought it proper (to afllfl the 
Imagination as much as poffible) to add a Copper-plate Print, 
repreienting the Conftellation of Arits on both Globes : 
Ekiecially, as it will rcprefent to the View the different Po : 
fitions of the equinoAial Points, with regard to that Conftel- 
lation ; for in Fig. I. of this Plate, the Pofition of Aries is 
reprefentedy as it appears on the antique Globe in its proper 
Sign* near the Equinox ; but in Fig. II. the faid Conftellation 
is reprefented, as it appears on the modern Globe, removed 
from its own Sign into that of Taurus more than 30" from the 
eqninoAial Point, by which a clear Idea of the Rcceffion of 
the Equit^x i«5 plainly exhibited to the View ; and this wc 
thoaght neceflary ihould be done, as it is a Subjeft of the 
ereateft Importance and Confequecce in the Sciences. (See 
Plate XXXVI.) 

V Vol. II. G The 
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The bright Star of Aries is now not quite 30** from thr 
prefent equinoctial Point ; this Point has therefore pro- 
bably receded through 25*^, fince the Time this Globe 
was made J but 25^ reduced ro Time will give 1800 
Years for the Age of the Glob«; fo that it fcems pro- 
table^ this Globe was made about 40 Years before Chrifii 
to which tf we add the 360 before -mentioned, it will 
give 400 Years before C!?riji^ for the Time in which the 
faid Col lire paiTtd through the bright Star of Artts % 
but in fuch Computations we muft not fVand for a few 
Years. 

Euphrof. You not only fliew mc thefc wonderful 
Things in Theory, but confirm them by real Fadts. 
This antique Globe is itfelf a real Demonltration of all 
your aftronomical Theory of the retrograde Motions of 
the e{|uinodial Points, and the mutable Phenomena of 
the Heavens depending thereon. Are there any other 
Ufes to which this Affair may be applied ? 

Ckm. Yes ; very great UUs in Chronology j when 
you ai-e dextrous in the Ufe of this new cojiflrudted 
Globe J you will bt able, pretty nc:*rly, to give a Guefs 
at the Diilancc of Time in which any Poet or Hiftoriaji 
lived, whom you find mentioning the Rifing and Sorting 
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of Mtfiod^ from a Paflkj^ in his Poem, wherein he de- 
fcriled the acrtnkal Riling of the Star ArElurui^ in the 
following Lines. 

JVhen tht glad Sun^ approaching with his Rays^ 

Has from the Tropic rum outjixty Days j 

Ar<fturu8, rifwgfrom bisfacrtd Btd^ 

h fir ft difcwtrd in bis Ev'ning's Shade. 
From thefe Lines it is evident, that in Hffiod^s TiTC^ 
when the Sun had pafTed the Winter Tropic, by the 
Space of 60 Days, and was then of Courfe in the Be- 
ginning of the Sign PifaSy the Star Ar£iurus was riiing 

in the £aft at Sun-fet. But in the prefent Age, if 

you take the common Globe, and re£tify it for the Lati- 
tude of Afcra^ the Birth-place of Hefiod^ in Greece, whofe 
Latitude is about 38^, you will find, when the Sun has 
juft entered Pifces^ and is fetting in the weflern Horizon^ 
that there is no Appearance or Rifmg of Jrihirus in tho 
Eaft; — but that Star will appear then at a great Diflance 
below the Horizon, and rifes not to the Inhabitants of 
Greece till near three Hours after Sun-fet, on the 20th of 
February in the prefent Age *. 

* As there has never yet been any Print of this new 
Apparatus of the celeftiai Globe, I thought it would be verf 
acceptable to the ingenious Reader, to have a View of the 
celeltial Globe, as conftrufted with the faid Apparatus of 
moveable Poles, Ecliptic, Equinoaial, and Colures, rectified 
for the Aee and Birth-place of Hc/tod, agreeable to the above- 
mentioned Example, In the 1 11 Fig. of this Plate, is repre- 
fented a View of the eaflern Hemifjphere of the Globe, (hew- 
ing ArQurus rifing in the North- eait Part of the Horizon, and 
in the ad Fig. is a Reprefentation of the weftcrn Hemifphere, 
ihewing the Setting of the Sun at the fame Time that ArQurut 
rifes ; both thefe together exhibit a View of the Conftellacions, 
fuch as they appear on the Surface of a Globe, 3 Inches in 
Diameter ; and the Reader will farther obferve, that the 
Circles repreiented by two black parallel Lines are the Colurcs, 
Ecliptic, and Equino^lial, as they were pofited on the GloI)e 
in hefiod's Time ; but the double dotted Line fliews the 
Equinoctial, as it is now placed on the prefent Globes, and 
the fingle dotted Lines (hew our prefent Tropics. By this 
Means, the Reader will ea(i I y perceive the Difference betueen 
the Poiitions of the great Circles of the Globe at tho-'e two dif- 
tant Periods of Time, and confequentty, will thereby become 
more eafil^ inftrufled in the Rationale of the above Praxis, or 
Ufe of this new conftru£ted Globe. 

G 2 
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Pafiag€s and Defcriptiona, from fuch an Apparatus of 
the celeftiai Globe, may be derived, — Thus, for InHarice, 
when f7rj-// tells us in his G/^rgia, 

Around our Pok th^fpiry Dragon gUdu^ 
And lih a winding Stream the Bears divides j 
Thf Lf/s and Greater^ zifho^ fy Fute^s Decree ^ 
jfbhor to dive Imcsth the Nsrihern Sea. 
Now thcfe Lines are much more properly applied ta 
the Dragon and Pde-Jiar^ in Firgil^^ Time, than in our 
own ; becaufe the Dragon did then, in fome Meafiirc, 
encompars the Pole, and divide the Pole from the Greater 
Emr^ as voj enfily fee^ by re<£iifying the Globe for the 
Time of Kr^//, which was about 1780 Years sga ; sit 
which Time, the Equinoxes were in 23** of Ariti^ and 
gave the North- flar that Pofuionj with regard to the 
Bciir and the Dragm^ which he mentions j but in our 
Age, the North-Pole is fituated entirely without the 
FoId;i, or Windings of the Dragons Tail; nor is it now 
between the Lff//er and the Greater Bear^ aa it was very 
cxnif^Iy in his Days, — I muft leave you to improve in this 
fo fublime a Praxis on the Globe at your Leifure, hav- 
ing faid enough^ I am wcl! affurcd, to givT you the 
general Raiicnaie of Procedure in all fuch Caics j and 
ihjill conclude with the Words of an eminent Autl- 






Yo. 



87 



ht 




od as 

dthc 

tand 

ladly 

ufe- 

nthe 

»• to 

id to 

ch 1 

'ou a 
• the 
:e of 
bink 



nuch 
jrical 

\pclal 
il as 
that 
tiis is 
i'the 
cr of 
rably 
ob- 
the 
and 

an 



or, wnyaoyo 



U *•'!••' 



MK*^'' 



Mrj«»*« • * 



G4 



AND LADY'S PHILOSOPHY. 87 

DIALOGUE X. 

Of the Description and Use of the 
Terrestrial Globe. 

Euphrofyne. 

AS the manifold Ufes of the CeUftial Ghbe^ which in 
our former Converfations you have been fo good as 
to make me acquainted with, have fo much enlarged the 
Ideas of my Mind, and given me a rational Delight and 
Improvement, fo much beyond my Expectation, I gladly 
embrace the prcfent Opportunity of continuing fuch ufe-^ 
ful Speculations, though on a different SubjcS from the 
former. — We now aefcend from the fpangled Heavens, to 
contemplate the variegated Figure of the Earth, and to 
obferve the Analogy between the real Globe on which 
we live, and that artificial one, in Miniature, which I 
fee here on the Table. 

CUofj. The prcfent Minutes will, I hope, afford you a 
pleafant Survey, as well as compendious View of the 
fevcral Parts of our Earth, exhibited on the Surface of 
this terreftrial Globe ; and the firft thing that I think 
proper to obferve to you here, is, the Form of it. 

Euphrcf. The Form, I prcfume, will not require much 
to be faid of it, as it is evidently of a round, or fpherical 
Figure. 

CUon, It is fo, indeed, with refpc^l to the artificial 
Glole^ you here fee, which is as perfectly fpherical as 

Art can make it. But you are not to fuppofc, that 

the Figure of our Earth is, therefore, fo too ; for this \s 
found, by Expcvience, to differ ccnfiderablv from 'the 
Figure of a Globe; in other Words, the Diameter of 
the Earth, at the Equator, exceeds that confiderably 
which pafTeth through the Poles, as I fhall farther ob- 
ferve to you by and by ; fo that the true Figure of the 
Earth is, what the Mathematicians call a Spbercidj and 
not a Sphere. 

Euphref. How then can this artificial Globe be an 
adequate Reprefcntation of the natural One, Cieonicus ? 
Or, why do you leprcfent a Spheroid by a Sphere? 

G 4 
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Clean. You will eafily fee the Reafon of that, when 
you coiifider, that the Difference of 70 or 80 Miles is 
confidcrable bctwcL-n the Diameters of the Earth, whofo 
DimcnfiQAs are nearly 8000 Mijes ; but aJcogetber incon- 
fiderable anil impcrceytible in the fmall Dimenftons of a 
Globe, whofe Oianietcrii exceed not 20 or jo Inchtis.^ 
'Tis trttSj if Gentlemen, who are poflcifed of largo 
Fortunes, wtre difpofeii to expend thofe Sums of Money 
this W^;% which arc oftentimes, with great Piofufion, 
lavifhed away on m.^ny ufelcfs Subjefts, we might then 
cxpciSl to have Globes of fuch a Si^e, as might fenfibly 
reprt'fent the Djffi^rence in Diameter, or the true fphe-> 
rmdka! Fig^ire of chc Earth. For this Purpofc, a Globe, 
ten Feet tn Didmcter, would fyfficc : — On fuch a Globe^ 
you would obfervc the Hand of Great Brhain have 3 
difFcrcnt Pofition, with regard to its Dtftance from the 
Equator, than what it would have if the Globe wa? 
truly Jphcriiftl: — But thefe Jarge Globes we can better 
fuflaiii the Want of, 3s their Ufc is, in z great Meafure, 
fuppllcd by Maps, or Projedions of fome particular Parts 
of the Surface, as wc fhall hereafter fee ; and, at the 
fame Time, fhcw, that tho* the Negle^S of the true 
Figure of the Earth be ex cu fable in Globes, it is, never-r 
rdonablc in Maps, where 
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ftar and the Horizon will be thereby lefTcned, and this 
will be the Cafe every where. — Laftly, it is found, by 
Experience, that, if you go 69I of our Englijh Statute 
Miles diredly towards the North or South, you will 
elevate or dcprefs the Polar- ftar juft one Degree; and 
fince there arc 360*^ in the whole Circumference, it 
will produce 25020 Miles, for the Dimenfions of a great 
Circle on the Surface of the Earth, from whence its 
other Dimenfions may be eafily deduced. 

Euphrof. What you have faid, in regard to the Di- 
menhons of the Earth, I can underfland, without try- 
ing fuch a tedious and fatiguing Experiment. And I 
can, at the fame Time, perceive the Reafon why the 
Globe is thus moveable in the Horizon; becaule the 
Pole-ftar is, by this Means, elevated or deprciTed, ac- 
cording to the different Part of the Globe, in which we 
are fuppofed to be. — And from thence too, I infer, that 
the Diftance which I am from the Equator mull necef- 
farily be equal to the Height of the Pole-flar above the 
Horizon, meafured in Degrees ; for, if I fuppofe myfelf 
9t the Equator, then, of Courfe, my Horizon will pafs 
through both the North and South Poles ; and, if I am 
fuppofed to be placed jufl under the Pole-flar, then my 
Horizon coincides with the Equator ; and confequcntly, 
wherever I am pofited upon the Surface of the Earth, 
the Arch of a Circle, which meafures my J!)i{lance from 
the Equator, muft be equal to that which meafures the 
Height of thePole-ftar above the Horizon. 

Clean, Your Ideas are all very right, in regard to 

that AflFair. The Latitude of the Place is Kyour' 

Diftance from the Equator, which, being always equal 
to the Elevation of the Pole, is the Reafon why, when 
you rectify cither Globe, you place the fame Degree on 
the North Part of the Meridian to the Horizon, as ex- 

freiTes your Latitude from the Equator on the South 
'art; and as you are already acquainted with the 

Nature and Ufes of the various Circles, I need only 
juft obferve to you here, that, with regard to the Hori- 
zon, there are but three different Pofitions of the Sphere, 
v/s. The Firft is, a Ri^ht Pofttion^ viz. when the 
Poles are in the Horizon, and the Equator and Parallels 
^e perpendicular thereto, or interfered at ri^bt Angles. 

Such 
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Such a Pofition of the Sphere have ail thofe who ilvc 

under the Equitor. — Secondly, a Paralltl Pofltkn of 
the Sphere is, when the Equator coincides with the 
Horixoii, and the Parallels of Latitude arc, of Courfe, 
faralid thereto : Such a P Itioii of the Sphere you 
would have, if you were (as you juft now foppofcd 

yjurfelf to bcl placed under the Pole. Thirdly^ 

ihe Oblique Fbfiihn of the Sphere is that alone which is 
worth conildtrin^, as being general to all the lnh;ibitants 
of the Globe, except thofe before- mentio .ed ; and is 
ib called, becsufe of the Qbilqut Pofitions of the Equa- 
tor, and its Parallels to the Horizon. But on ihcfe 
Things there wilT be no Occafion to enlarge tn you. 

Euphrof, You make me a Complimenr, CLsnUitti'^ 
but though it be true, thcfe Things arc not difficult to 
be undcrftood, and are almoft obvious by In(pe*5tion | 
yet a few of your geographical DcRnitions rtfpedting the 
inhahjtmts of the Earth, and the Divifion of the Glnbc 
into L^ind aiid Water, will not he amifs, as I am now 

to form a regular Idea of this Science 1 {liall leave 

you, therefore J to proceed in thai Method which you 
judge beit for my Information, 

Ck^n. You mav always depend on my doin^ that ; 
:c, ic will be 
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thofe, in which the Sun will recede to the greateft 
Diftsuice fix>m them, and therefore may be called their 
M^'Winter Days. 

Cli§/i. At the fame Time too, you will underftand, 
that, when the Sun is vertical to them, they can, at 
Noon-day, have no Shadow ; in which Cafe, they were 
antiently called by the Greeks^ J/cii, which imports the 
fiune Thing. But, at other Times of the Year, they 
bave their Shadows falling North or South of them, 
according to the Place of the Sun in the Ecliptic ; and 
they are then called the Ampbifcii. — Alfo it may be ob- 
ferved, that only thofc People, who live juil under each 
Tropicy have only one Mid-fummer^ in which the Sun 
If vertical, or over their Heads ; they have alfo one 
Winter only, viz. when the Sun is in the oppolite 
Yropic, 

Euphrof, I find, from what you fay, that the Seafons 
of the Year very much depend on the Situation of the 
Inhabitants, in regard to thofe Zonesj pleafe, therefore, 
next to fhew me how they are circumilanccd, who 
live in the Temperate Zones. 

Clean. The Temperate Zones^ are all thofe Parts of 
the terraqueous Glohe, which lie between the Tropics 
and Polar Circlesy and confequently, there is one of 
thefc in the northern and another in the Jfouthem Hemifphere^ 
as you fee, they arc eafily diftinguilhcd on the Surface 
of the Globe. — As we ourfclves are Inhabitants of the 
North Temperate Zone, we find the Seafons of the Year 
in a temperate Degree ; our Summer Suns are at a 
Diftance from our Zenith^ and we do not therefore ex- 
perience the greateft Force of his Beams. — Again, we 
are never without his enlivening Influence the Space of 
one natural Day ; fo that, upon the Whole, we muft 
reckon our Situation the beft that the Surface of the 
Earth can aiFord ; efpccially, the Paradijiacal Situa- ion 
of England; which is in the moft temperate Part of the 
Temperate Zone, 

Euphrof. I have always thought, that England was, 
on many Accounts, a favourite Country of Prc»vidtnce. 
Our Sex have particular Reafon to think fo. The ardent 
Beams of the Sun, on the one Hand, in regard to our 
Complexion, would be very unfriendly 3 and the Cold 

of 
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of remoter Climes would by no Means fuit the Tenderneff 

ajid Delicacy of our Nature ; moft blifsfuJ therefore, ia 
our Department on the Brittjb Ijks. 

Ckon. It vras an aniient Obfervatton, that we ihould 
think ourfdves ahnoft too happy^ if we were ihoroughly 
feniible of ;i]] the comparative Benefits wc enjoy abr^vc 

other Inhabitants of the Earth.^ Since the Noon-tide 

Shadows of the Inhabitants of either TemperaU Zone faJl 
always one Way* they have been ufually called by Geogra- 
phers Htterf^fdL — ^By revolving the Globe npon it* Axis^ 
yoo will fce^ that by far the iTciiteft Part of the habitable 
fearth is fituate in thefe two Zenfr, 

Euphref. The very Name of the Frigid 'Zone is enough 
to make onefhudder. — Thdr Situation, diltant from the 
Sun, muft prove thern a hardy Race of Mortals; and ytt^ 
I have heard, there are fiich to be found within a few. 
Degree* of the Fde. 

Clmu You m^Jin the Norih Poie^ my Enphrofine\ for 
about the Ssuih F&k^ no L^iitd has been yet dij covered 
wiEhifi the Puiar Cirdt'^ as you will fee, by carting your 
Eye upon that Part, and turning the Globe about itt the 
fame 'rime. — As thefe Circles circumfcribe each PoUy at 
the Diitance of 23^ 30^ {the fame Diftancc as the Tropics 
"wstori it wiil follow, that» when the Sua 
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diurabk and prevalent than thofe of Heat ; and therefore^ 
diefe Parts of the Earth ftill deferve the Epithet, or Title, 
which they bear. ■■ ■ The Inhabitants, who live in thefe 
Circksy have their Shadows fall all around them, when 
the Sun ceaics to fet in their Latitude, and therefore were 
anciently called the Pertfiii, 

Ettpbrof What other geographical Diflindbions have 
you with regard to the Inhabitants ? 

Cleon, Thofe which follow, (i.) Such as live diame- 
trically oppofite to each other are called Antipodes, as 
they are i8o* diftant from each other. The Times and 
Seafons will be contrary to each, /. e, when it is Noon 
to one, it will be Midnight to the other ; and when it is 
Winter to one, it will be the Summer-Seafon to the 
other. They have the fame Latitude ; but one is North, 
and the other South : All which is evident, by viewing 
any two fuch Places on the Surface of the Globe, (a.) 
Thofe, who live in twooppofite Points of the fame Parallel 
of Latitude are called Peri^ci. They have the fame 
Length of Day and Night, the fame Seafons of the Year, 
and, when it is Noon to one, it is Midnight to the other. 
This likewife is evident on the Globe, (j.) They, who 
live under the fame diurnal Meridian, but in two different 
Parallels, equally diftant from the Equator on cither Side, 
are called Ant^ci. They have the fame Noon-tides, 
but differ in all Things elfe : The Nights of one are 
equal to the Da, s of the other ; and, when it is Sum- 
mer with one, it is Winter with the other : All which 
Particulars are too eafily obferved on the Globe to need 
any fartRer Account. 

Euphrof. Thefe Th'ngs I {hall make myfelf very well 
acquainted with by a little Praiftice. Is there any Thing 
farther for me to know by Way of Definition. 

Cleon, Jt may be proper juft to mention, that there is a 
Diftindion of the fevcral Parts of the Earth, under the 
Title of Climates. The Geographers call that Part of 
the Earth, contained between two Parallels of Latitude, 
a Climate J in which the Length of the Days differs by 
Half an Hour^ of which there arc of Courfe 24, on each 
Side of the EquatoTy ail of a different Breadth from each 
other; for, according to the different Obliquities of the 
Sphere, the Differences of Latitude will be unequal among 

them- 
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ihemfelvcs, that Diall produce equal Differences in th»s^ 
Length of Days. This is a Pointy in which you will b© ' 
eafiJy fatisficd, by a little Praiiice on the Globe ; and 
particularly, you will obfervc the Extent of each to he, 
as fpt-cified in the following tMi^ in the lower Part of 
which, you will find the Ci matis are dtiierenced by the 
SpacL' of a Month in the Patar Cirdei^ of which there 
fiirc fix from the Circle to the P$h, 
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Euphrtf, If I underftand this Matter right, I find, by 
the Tablty that the firft Climate ends at 8^ 25', and, of 
Courfe, is 8^ 25^ broad \ alfo, that the loth Climate ends 
at the Latitude of 54'' 27', and its Breadth is 2^ 29' ; and 
becaufe lo Half Hours m^ke 5 Hours, thefe, added to 12, 
make 1 7 Hours, for the Length of the Day, where tliat 
Climate ends, as ihewn in the 2d Column. 

Cleort, You have a very clear Conception of this Affair, 
which, in icfelf, is of no great Confequencc ; but, as wc 
ufually fpeak of the Climes^ or Climates^ of different 
Countries, it is proper, that every one ihould have fome 
geographical Idea, or Notion of the Thing. 

Eupbrof, You juft now mentioned the geographical 
Dcfcriptions of Land and Water. Thefe, I fuppofe, 
come next in Order ; and, in the firft Place, pleafe to let 
me know the Divifion, or Diftindlion of thofe Parts you 
call Land. 

Cleon, It is cuftomary with Geographers to make a 
Diftribution of the Land into the following Clafles. 

(1.) Of Continents, which are the large Tracts of 
Land, including many Kingdoms and Countries, not 
any where feparated by the Sea, of which wc may reckon 
five ; namely, Europ£^ Jfia^ Africa^ Nortl) America^ and 
^OMth America^ 

(2.) Of Islands: Thefe are Trails of Land every 
where environed with Water j fuch as you fee here on the 
Globe, Wz. the Ifland of Great-Britain^ Madagajcar^ 
Si^'fyy BerneOf Nova-zembky &c. 

(3.) Of Peninsulas : Thefe are Tra^^s of Land 
furrounded by Water on every Side, but one fmall Part, 
which joins it to the Continent. Thus, you fee, on 
the Globe, the Country called Morea^ joined to Greece. 
Thus you fee alfo, Africa is a Sort of reninfula, joined 
to AJia^ by a narrow Tra6^ of Land, between J^pt and 
the Red Sea. 

(4.) Of Isthmus's: Thefe are the narrow Necks of 
Land, by which the Peninfulas are connerted with the 
Continent : As the IJlhmus of Corinth^ which joins the 
Mmrea to Greece^ as you fee on the Globe, 

(5.) Of Promontories : Thefe are large Heads or 
Capes of Land, which ftand out into the Sea ; fuch as 
the Cctpe of Good Hope^ in Africa i Cape Hot ir, in Ame-^ 

rica i 
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rka} Cape Finijhre-^ in SfntHy ficc. which rcadtljr 0icw 
ihcmfelvcs on the Globe : And thefe are all the great 
Forms of Land, the Surfaces of which arc diverlified 
with high and low Parts, commonJy called Hills, Moun* 
tains, Vales, (5V, of which there need no Defcription, as 
you have fo lately read an Account of the Alps^ of Msunt 
y^fuvius^ and of the Pih of Tmerlff^ which are the moft 
remarkable in the World, 

Euphrcf. Thefe Subjects afford me the higheft Pleafare, 
even while I am a Novice in Geography. But, when I 
become better acquainted with the Science, the Delight 
in Reading will increafe in Proportion : Therefore, next, 
pray tdl me what arc the Divifions of Water, which I 
fee covers fo great a Part of the Globe's Surface ? 

CliGn. The Proportion of Water to that of Land, is 
much about three to one ; or, in other Word;?, three 
Parts in four of the whole Surface of the Globe are 
covered with Water, which arc divided into the following 
D en omi nations. 

(i.) Oceans ; Thefe are the vaft Collections of Wa^ 
ter that furround the Continents, and receive different 
Names, according to the different Parts of the World, in 
which they lie: As the Eaftern^ or IFiJhm Ocean, he. 
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(5.) Creeks : Thcfe are thofc narrow Parts, or 
Arms of the Sea, runaing a littJe Way up into the 
Land. If they are wide and fpacious, they are then 
jcaiied 

(6.) Bays. Of which the moft remarkahle and eafy 
to be diflinguifhed on the Globe, are HudfotC^ Bay^ in 
North America ; the Bay^ or Gulfh^ of Mexico \ the 
Bay of Bifcay ; with many others. 

(7.) Straits: Thefe are fometimes called Chan- 
N£LS, which are thofe Parts of Seas that run between 
two Shores, or Coafls ; as the Straits of Gibraltar y the 
Britifi Channel^ xhc Straits of Magellan ^ &c. 
. (8.) Rivers : Thefe are large Streams of Water, 
which arife from feveral Fountain-heads, and run towards 
ibme Lake, or Sea, where they difembogue their Water. 
Such are the River Thames^ in England \ the River NiU^ 
in Egypt 5 the River St, Laivrence j the Danube j and 
many others of very great Note ; which you fee diver- 
iifyin^ the Surface of the Land, like the Veins and Ar- 
teries in the membraneous Parts of Animals. 

Euphrof. I (hall endeavour to retain all thefe Diilinc- 
tions and Definitions, by an Application to my fiooks 

and Globe. 1 fear you have exhaufled your Spirits 

too much at prefent, and (liall with Pleafurc difmifs 

you from any farther Attendance on me now. 1 

promife myfelf great Satisfaction in our next Leifure, 
which you tell me is to be employed in a practical 
Solution of the mod ufeful geographical Problems on the 
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DIALOGUE XI. 

Contaimng i he Soluthn of tbeFR i^cipal Prob l emi 

m ihs Terrestrial Globe.* 

* f 

Cieamats, A 

AT our laft Interview, I endeavoured to pnrpafc yom 
Mind with every necefikry Preliminary for undcr- 
ltaj)d(ng the right Ufc of the Terrfjirlai GUbt^ sind a« 
you are well acquainted with all the Circles, am! the 
Manner of roiSlifying the Globe for any particular Place, 
we may now aj^drefs ourfelves immediately to th™ SoJu* 
lion of fuch ProhUmSy as will fufficicntly ihew how very 
rational, benefit ial* and entertain irg, the Ufe of this 
Inflrument miift be, and how highly Mankin*! arc in* 
deb ted to the firftlnventors of it, 

Euphr^f, The very Plcafure of feeing the World isi 
me yiew^ h not fmall ; it gives me fueh a <IJftin£t anJ 
adequate Idea of the fcveral Parts of Land and Water, 
that no Maps, or other Contrivances could ever equal, ^- 
I have re^ified the Globe to the Latitude of Lsndony by 
placing 51*^ 30' to the Horizon I which makes it ready, 
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EitfhroJ\ This I think I can eafily perform, — Jtm^ 
faitm^ I nnd upon the Globe, and placing it under the 
Meridian^ I obferve its Latitude 32^ 00' N. from the 
Equator,— \^\ii^ I find PeUrJburgh^ in RuJJia^ juft in 
the Parallel of 60^ 00' — And as for Ptkin^ in China^ 
when I bring that to the Meridiany I fee it lies juft under 
the 40^ 00'; and in the fame Manner, I could tell you 
the Latitude of every other Place that is marked on the 
Globe. — I fuppofe the next Problem will be, of Couffe^ 
ff# find the Ltmgitude of a Place. 

Clean, It is certainly fo, as it is fo dofely conne^ed 
with the Latitude. — ^To do this is nothing more than to 
obferve what Degree of the Equator is interfedted by the 
Meridian^ when the given Place is brought to it. — And 
here I muft obferve to you, that the Degrees of Longt* 
tude on all Mr. Senex*s Globes are reckon^ from that Jue^ 
ridian, which pafleth through London^ (and which i$ 
iifuallv Called the First Meridian) thefe Degrees of 
Longitude are reckoned to 180^ on each Side of the firft 
Meridian towards the Eajl and lfyf\ * 

Eupbrof. I underftand you, and obfeirvc i)\^ firft Mcrt^ 
diem you fpeak of. When I hnn^JeruJaUm icr the if/#- 
TtdlaHy it cuts the 36th Degree of Eajl Longitude on thd 
,£quator, — Pekin being brought to the Meridian^ cuts thfc 
II 6th Degree as before. After the fame Manner,.! 
pbierve, that any Place which lies WeftWard of us^ 
being brought to the Meridiarty both the Latitude and 
Longitude thereof will inftantly appear. Thus, Port^ 
JLeya/y in 'Jamaicay being placed under the Brafs iWlfri- 
diany is (hewn to have 17^ 30' Latitude N. and its Lon- 
gitude will be ihewn to be 77^ 30' Weft from London, 

Cleon, In all this you are very right. — A Tbird Pro- 
hiem is. Having the Latitude and Longitude giveny to fini 
ilat Place on the Globe. 

Euphrof, This I apprehend is nothing more than the 
fteverfe of the foregoing Problem. — Thus, .fuppofe I find 
in . a Gazetteer y or Table of Latitudes and Longitudes^ 
fhat Jerufalem was in 30*^ 00' of North Latitude, and 
^o qqI of £,^ft Longitude ; — then I bring the 36** of 
XrOngitude to the Edge of the General Meridian, and I 
wn Aire to find the City of 'Jerufalem under the 32 De- 
gree of Latitude on the faid Meridian. •«- Again, If I 

H 2 know 
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know the Longitude of Pori-Rffyal tQ be 77" 3 'Weft 
of Lcn^art, and to hnvi; 17° ;^o' of N. Latitude, then, 
by bringing the Gid Degree of Longitude to the Meridiajjj 
I obfervc the Town juft under tlK given Latitude* 

CUsn. Very gwj.l, my Euphr&Jynt. The Fourth 

Fr$iflefn is. To find ihi Dijhnct bet wet n two given Place f 
en the ~Ghbe in E giijb MHts^ as for lnft:uice^ between 

Londm and ^ervjakm. To effect this, you fcrew 

the ^idrarti of Altitude to the Brafs Meridian^ with 
its Edge to 51** 30', the Latitude of London^ to whiclt 
Point you bring the City of Londm^ where let t^.e Globe 
reft i then lay the grad united Edge of the ^adrant upon 
the given City, and you will fee upon the ^uadram 
2^^ 30', which, by allowing 69 Miles and an half to a 
Degree, will amount to near 2259 Miles. 

Euphrof, The Praxis of thib Prohkm i* very cafy, 
and will, at the fame Time, exercile me in the little 

Skill I have in the Rules of Arhbmeth, But let 

ine fee, if I can find the Diftancc from Lendsn to Purt* 

Rsyal. -The Globe remaining as before, I bring the 

Ed^c of the ^i&drant to the Place, and J obfervc it is 
69° from Lendafij which multiplied by 69%-, gives 4795I 
Miles.- — ■ — Thus, I can faiisfy my Curtoiity at any 
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Ciem. The Sixth Problem is. To find all thofe Places 
that have the fafne Latitude and Longitude with a given 
Place. 

Euphrof. This, again, is. fo eafy at firil Sight, that 
I wonder you learned Gentlemen (hould make any 

Problem of it.-* For 'tis only bringing the given 

Place, as Pekin^ for Inftance, to the Meridian y and 
all thofe Places that lie under the Southern Half of the 
Meridiem^ muft, of Courfe, have the fame Longitude. 

r— After this, if I turn the Globe about, 'tis 

evident, all thofe Places which pafs under the fame' 
Point of the Meridian with Pekin^ muft have the fame 
Latitude. 

' Cleon, You will find fome Problems^ by and by, 
that you may think fufficient to exercife your geographical 
Genius; though by you they may be eftecmed only 

Paftime. -The Seventh Problem is none of the molt 

difficult, and you muft let me fee if you can do it without 
my Diredion. It is. To find all thofe Places where it is' 
Noon at any given Hour of the Day^ in any Place propofed. 
For Example, you are to find in what Places of the 
£arth it is Noon, when it is Nine in the Morning at 
L$ndon, 

Euphrof. I believe you have now puzzled me.— Muft 
not I begin with finding the Sun's Place ? 

Cleon. No, my Euphrofyne, all Problems of Time 

<do not require the Sun's Place to be known ; but 

fince you tacitly afk my Afliftance, you will readily 

find it. Therefore proceed as follows : Bring 

L$ndon to the Meridian^ and fet the Hour-Index to 

^e given Hour IX in the Morning. Then turn 

the Globe about, till the Index points to the upper XII. 
* ■■ ■ Then fee what Places lie under the Meridian \ 
§OT in all thefe Places, it will be Noon at the given 
Hour. 

Enphrof, Well, this a pretty Problem ; let me pra£tife 

it in the given Example. 1 bring London to the 

Meridian^ fet the Index to IX, and then 

turning the Globe, till it points to XII, I obferve, that 
the middle Pai^ of Ruffta^ Circajpa^ the middle Parts 
pf Arabia^ and Madagfijcar^ all lie under the Meridian ; ,^ 

H 3 W,^' 
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to all which Places therefore it muft be Twelve o*Clcck» 
or Noon, when it is Nine in the Morning with ua, 

Clion. The Eighth Prehkm U but the Reverfc of 
this, viz. when it is N^fitt at any one Placi-t U find what 
Hour it is at any other given Place. Aiil therefore in 
the Solution of this, you will readily know how to 
proceed, 

Euphrof. Yc5, furely I do* Suppofing it Noon 

ut LmdifHy I can tell what o'CIock it is at Jtrufalim for 

Inflance;— for, if 1 bring Lmd&n to the Mendian^ 

and fet the Hour-hdix to the upper XII ; then by 
revolving the Globe, till JcntfaUm comes to the J-iSh- 
ridian^ T obfcrve the Index point to I L 30', But, aa 
this is on the weflcrn Part of the Hour- Circle, it /hews, 
t:hat it is about Half an Hour after Two in the After- 
noon, — Again, for a fecond Example j if I turii 

the Globe till P&rt^Rsy^l comes to the Meridian^ the 
YiQui-Indfx will point to VH, nearly, which fliewsj 
that it is Seven o' Clock with them at Jamaica ^ when 

it is Twelve at Noon with us, Again, for a third 

Example, I fh:ill rcverfe the Pr&bhm^ and bring Pf^iff^ 
in China, to the Mtridiiin^ where, holding it faft, \ 
place the Vitmt- Index at XII 5 then I bring London ta 
the Maidian^ and fiiwl the Indix point ta Four o*Clock 
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C/Sriiv. Thefe Problems^ I fee, you are fufficiently 

ready at. 1 believe the Tenth will be very agreeable 

to you, which isj 7o find all thofe Places in the Torrid 
ZotUy to which the Sun is vertical for any given Day. 

Eupbrof. In the Solution of this Problem^ I forefee 
youF Dire<Slion will be neceflary. Pleafe to izy how I 
thutt proceed. 

Cleom Let the given Day be the 20th of jfpr'li 
oppofite to which Day, upon the Calendar in the Ho- 
xi&on, you will fee the 6rft Degree of Taurus in the 
Bcliptic plxed by it, which fhews the fame Degree in 
tbe Eclptic on the Globe, is the Place of the Sun for 

diat Time. Therefore, I brinjg the Sun's Place, 

or Beginning of Taurus^ to the Meridian^ which it 
mterfe^s in the nth Degree : Then turning the Globe 
quite round, you obferve all thofe Places upon the Sur- 
face, which pafs under the faid nth Degree of the 
Meridiany are the Places required, or thofe which have 
chc Sun pafHng over their Heads for that Day. 

Euphref This Problem is more curious than difficult; 
by which I learn, that every Place in the Torrid Zone^ 
whofe Latitude is equal to the Sun's Declination^ will 
find him in their Zenith at Noon. — What is your Ele- 
venth Problem^ Cleonicus ? 

Cleon. To find the MidOimmcr-days/ir any given Place 
in the Torrid Zone. This Problem I fhall (hew you the 
Solution of as follows : — Let thefe two Days be required 

for Port'Royaly in Jamaica. Then, I bring that 

Town to the Meridian^ and obferve what Degree it 
cuts, which is 17^ 30'. — Then, turning the Globe, I 
obierve what Part of the Ecliptic^ next to ArieSy toucht-^s 
that very Point of the Meridiany and find it to be the 

20^ of Taurus \< . This Degree I look for on 

the Horizon, and find againft it, the loth of Mayy 

which therefore is their firft Midfummer-Day. 

Then, I turn the Globe farther about, till fome Part of 
the fecond ^adrant of the Ecliptic comes under the 
fame Part of the Meridiany which I find to be the loth 

Degree of Leo SI. Then, againft that Degree of 

the Ecliptic in the Horizon, I find correfponding to the 
^ Day of Augujl^ which therefore is their fecoiiJ Mid- 
iummer-Dty. 

H4 
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Euphmf, I fte, by the' Manner of your Solut'tont 

t)iat i fhail End but little DiJEcuky in perforjning the 
lamci I'lniig for any othsir Place. — What Prahkjn fuo»; 
ccL'ds to ihis ? 

. CUsn. The Twelfth Pr oh tern finds all ihofi Placsi m 
ihi- N^rth Frigid Zme^ when the Sun hegirjs to jh\m^ cm-^ 

Jhintly, or wiihaiit fetibfg^ on any jiuen Day.' ^The 

Solution i^ in thii Manner. Let the given Day be 

the 26th of jfprtl. 7' hen, the Sun's Place for that 

Day w II be m 6** do' of Taurus in the Ediptk on the, 

Horiz jn. Which Place I find in the Edtpiic on the 

Globe, and brin^ it to the A^lcrldian^ which fhews the 



jyc.L'fiiJion of the Sun for that Day to be 13':' oo V- ■ - 
Th*^n it is evident, that all thofc Places which are the 
fame Number of Degrees from the Pole, or which are 
in the j^th Degree of North Latitude, arc the Places 
require J. 

Buphr:Jl I can plainly fee the Reafon of that, ai 
the Circle of conltant i II umt nation muft neceflaiily be 
the famt^ Diftance from the Psk^ as is equal to the Sun's 

Ckon, The Thirteenth Prchkm is fomcwhat a- kin 
to the foregoing. — it canfijh hi finding on what Day thi 
Sun logins to jhine cmijiantly^ or without Settings $n any 
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AuptJI, — ^Therefore, from the 26th of April to the lyth 
of jtufuftj the Sun Ihines conftantly on the Inhabitants 
of the moft fouthem Parts of Greenland. 

Euphrof. By the particular and mdual Proccfs yott 
have ufed in the Solution of this FrobUm^ I find, not 
only the Method for any other of the like Kind is very 
eafy, but, alfo, the Rationale thereof is very evident; 
and therefore you may proceed more concifely in what 
other Problems remain. ' 

Clean. The remaining Problems are but few ; that^" 
which you may reckon the Fourteenth, is To find the 
Place over which the Sun is vertical on any given Day and 

Hour. In order to this, you are to nnd the Sun*3 

Place in the Ecliptic, and bring it to the Meridian, and 
mark the Degree of Declination for the given Hour. 
After this, find thofe Places which have the Sun in the 
Meridian at that Moment ; — and, among them, that 
particular Place which lies under the Degree of the 
Sun's Declination, is the Place defired. 

Euphrof. As you have given me the Clue, I can 
proc^ through the Whole of this Problem without 
your farther ln(lru£lion, at leaft I will attempt it.— — 
1 therefore fuppofe it was required, to find the Place 
to which the Sun is vertical on the 20th of Aprils at 

Nine at Night precifcly. The Sun's Place, at that 

Time, I find on the Horizon of the Globe to be in 
the firft Degree of Taurus \ this I bring to the Me- 
ridian, and there obferve his Declination to be about 
lo** 30'.— —Then will all thofe Places, that pafs under 
that jDegree, have the Sun vertical to them that Day .—In 
the laft Place, I find all thofe Places where it is Noon 
at Nine o'Clock at Night on that Day:—. — ' — And 
amonglt them, that which lies under 10** 30' of the 
Meridian is the Place required ; and this I find is in the 
Pacific Ocean^ or Great South Sea, and, as it accidentally 
happens, in the very Tradl of Lord Anfon^s Voyage 
from Aquapulco to Chinoy which has 135^ Weft Longi- 
tude from London, 

Cleon. It is with Pleafure I fee how great a Miftrefs 

you are of geographical Solutions. -—I believe it will 

not now be in my Power to mention any future Problem; 
that will be too dlfjjcult for you. However, the Fif- 
teenth will ftill extend your Ideas of this Kind, which 

is. 
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i$y To find^ far Qftf gi'om Dof and Hmr^ th^fs PlaiH 
Vihcnin the Sun i$ tJun Rijmg^ or S^uinj^ «■ in the Mt^ 
ridian\ alfi^ tbofi Pkies which hrg inlightmd^ and th^ 
tvhi€h art mt \ and for an Example, ytiu may take the 
iame D^y and Hour of the hit Probkin, vi%, Jprilih^ 
aoth at Nine at Night, 

EupLraf I fear what you fay to encourage me» will 
tathc/ tend to difpirit mt^ for, if I may have the World 
for my Pains, I know not which Way to go about this, 
which you. think fo eafy a Problem, — 

Ciain. You have no Resifon to be difhearti?riedj it 
is but a Trifle that you want to recoHeil, to make the 

Problem as clear as the Day. For only find the 

Ph,ce to which the Sun is vertical at the givicn Hour, 
(which you know how to do by the laft Probkm) ajii 
l^rinp; the haxz to the Meridian, and elevate the Polft 
to the Latitude of the Place, then a^ the Reft will be 
eafy, 

Euphref. This I' will do, The Latitude of the 

PL-wre is lo" 30': therefore I elevate the Pole to 

the fame Number of Degrees dbove the Horizon ^"^ ■ 

and thence, fmcc the Sun is vcrtiail to the middle Point 
of the Hcrnirphcre about the Horizon, it is evident, (i.) 
That all thofc Places which arc in the weftern Semi-circle 
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■ Btfphnf. By this I know what my Tafll wilt be^^-^ 
{or, in the firft Place, I muft find the Hace to w)^h 
tiie Sun is vfirtical at Half an Hour paft X on the iirft 
J)ay of >^77, that being the Middle of the.£cUp(e.; 
this I find to be near the Middle of tlfd Continent 

of Arabia: to which, when I r^xfy ^ Globe, 

\ obferve all the midland Parts uf Norwayi^ P^laud^ 
%'Hrkey in Europe^ and the vaft Continent ^ Africa^ lio 
under the general Meridian, and obferve. tibo* Middle of 

the iLclipfe at Noon. r— Alfo, all the Hemlfphere 

ilbove the Horizon fhews me all thofe Piarta of the 
World, in which the Eclipfe can he vifible. Therefore 
I am convinced, it will be feen in all Parts of Europg 
and Africa^ as aifo all Afia^ except the eaftern Part of 
Tartaryy China j (sfc. But the ea^lem Parts of Souths 
America only can fee any Thing of this Eclipfe.- ■■ ■ 
If I cad my Eye on the wcftcrn Part of the Hemifphercy- 
I obferve the Countries in North and Scutb-Anurica^ 
which lie upon the Horizon, to be thoie People wha 
fee the Sun rifing at the Middle of the Edipfc. ■ 
And in the eaftern Part of thp Horizon, the feveral 
Countries upon the Horizon there view the Sun Setting 

at the fame Time. — < Again, if I bring London to 

the Meridian, and place the Hour Index to IX in the 
Morningf and then revilve the Globe till the Index- 

Kints to XII, I view all Uiofe Countries under the 
eridian, where the Eclipfe begins at Noon; particu- 
larly at Madagafcar^ the inland Parts of Arabia^ the 
Pirjtan Gulph, the Cafpian Sea, and of all the eaftem^ 
Fart of Haffia in Europe \ but fcarce any inhabited Pare 
of the Earth view the Beginning of the Eclipfe at Sun- 
liifing, fince the weilern Horizon lies almoft wholly oa 
the Qreat Atlantic^ and Southern Oteanu On the othef . 
Hand, a few of the cafbcrn I (lands only of AJia can fee 
the Beginning of the Eclipfe at Sun Set. — In the laft 
Place, I bring London to the Meridian, and place the 
Index to the upper XII, which g.v^J me a View of all 
thofe Places under the Meridian, who view the dark 
Di(k qf the Moon going off trom the Sun at XII o'Clock, 
On the weftcrn Horizon, I view the Countries whene 
the Sun is riftng, when the Eclipfe endc : and in the 
fafterii Part of the Horizon \ fee in what Parts o£ 
5 tfie 
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the World the Sun appears to fet, with its enHre 

cnlightBcd Difk. —Are not thefe the general Phse- 

nomena of this Ecltpfe^ as reprefcntcd on the Globe, 
Clean ictis F 

Ckm. They arc, my Euphrofym^ and very fci entt il- 
eal J y re prefen ted ; I could not have done it better myfdf.; 
-p— 1 fee you want no more of my lnftru<5tions, in regard 
to the Ufe of the Terreftrtal Globe ^ for though there 
may be a great Diverfity of Problems propofed, yet thejr 
will all become very ^^(y in Pra<^t»ce, and their general* 
RathnaU will appear to any one who has been exercifed in 
thofe which I have feletted for your Inititution in this 
Science, for they are all of them of a funrtamenul and^ 
general Nature.^ — If any Thing farther remains, there' 
is yet a few Minutes to fpare j therefore be free to alk 
of mc any Thing you think proper j relative to the Ufc 
of this Globe, while it is before us. 

Euphrsf. I fee but one l^hing more on the Globa 
to trouble you with^ and that is^ that long Slip of 
Paper, which is pafted on the Globe, acrofs the Equator,'* 
containing the Calendar, or Months and Days of the- 
Year: I ihould be glad to know the Ufe of that, bA 
you have faid Nothing hitherto about it» J 

CUon, It is very proper ycm fhould be acquainted 
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thciie Things are ihewn, as it were, by Infpedioii, for 
one whole Year, it gives a Summary of the Prohlemt 
felative to the Sun, and in fome Meafure fupplies the 
Ufe of the Celefiial Globe. 

Buphrof, This I think is a great Curiofity indeed.-^I 
could not have thought fo many Problems of Inpportance 
could have refulted from fo fmall a Slip of Paper.-*-But 
I (hall trouble you no further at prefent, with thefb 
Things, your Le<Siure, t this Time, having been of 
an uncommon Length. 



DIALOGUE Xn. 

ne Description andV^z of a New Apparatus 
to the Terrestrial Globe, by which the true 
diurnal Motion of the Earth on its jixis^ thi 
apparent annual Motion of the Sun in the Ectip- 
tic^ the various Phenomena of Days and Nights, 

• the Seasons of the Tear^ and of a Solar Eclipse 
are exhibited by New Machinery. 

Euphrofyne. 

WELL, Cleonieusj I am fure I have loft no Time, 
fmce our laft Interview, in making myfclf per- 
feiSt in the Ufe of the Globes. — I have pradtifed every 
Problem over and over again, on both the Globes, and 
now I may fay, with the rich Alan in the Gofpel, IVhat 
lack I yet? 

Clean, Why, to anfwer according to your own Stile, 
though you have been indeed bufy about many Things, 
yet one 71>ing is needful : — You have been long engaged 
m learning how the Phaenomena of Nature may be arti- 
ficially reprcfcnted by Globes, and in this you hnd great 
Afltftance from the Labours 'of many ingenious Men ; 
but with little Attention, it will appear, that thole 
Things will admit of a much more natural Reprefcn- 
tation with a little Contrivance and fmall Expence of 
Machinery ; and you will readily allow, that the more 
natural any Phxnomcnon can be ihewn, the more Satisr- 

fadlioh 
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fn^lion and greater Inflru^Ion rt muft give to every inqitl4 
jitive Mind- 

Eupbrcf No one can doubt the Truth of thatj and I 
fee you have provided here a beautiful Machine for thai 
Purpofe; and I fiattcr myfelf, I Qiall have great Pleafure 
in being ihftrui5led tn the \J(c of it* 

Cleon. To fay the Trutb, I have employed my titmoft 
SkJi! to contrive it for your Inftru(5lion; for thnugll 
there have been two or three Inventions of thi?? Kin^ 
already propofed to the Public, yet I think, them by na 
Means fo fimple and elegant as fuits with the Nature of 
the Defign, and worthy the delicate Genius of youf SeX* 

Euphrof. Compliments but ill fuit with philofophical 
Inftru<5lions j therefore, without any further Ceremony^ 
explain to me the Ufe of the Machine, far I am hnpa^ 
tient to know it, 

Ckon. I will oblige you in this, and every Thing elf« 
I can, to the utmoft of my Power. 

Firfl then. By opening a Dcxjr in the Side of the Ma* 
chine» you obferve a Train of Wheel-work, put in Mo- 
tion in the fame Manner as that of a Spring-Clock* 
Yhis may be called, the Primum MahUe of the Machine* 

Srcofi/fyt On tht: upper Part of the Machine, you 6b- 
ferve a Terrcftrlal Globe is placed^ which is movgable on 
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Machine, and juft in the PUne of the Ecliptic* will a|K» 
pear to move through every Sibn and Degree of the 
Ecliptic in the Space of twelve Nlonths, juft as the real 
Sun appears to move in the Heavens. 

Eighthly, A Brafs Circle is placed about the Globe at 
the Diftance of 90** every Way from the Sun, which may 
be called, the Sokr Horizon, or Circle of Illumitation^ 
becaufe it conftantly divides the Globe into the enligh* 
tened and dark Hemifpheres. 

Ninthly, On the Wheel affixed to the Axis, you obferve 
m moveable Hour Circle, and a fixed Index, by which 
Means the Time of any Phsenomenon is ihewn, and the 
Globe reiStfiied in regard thereto. 

Tenthly, By removing the Sun, I place thefe two Bra£l 
Arms to the Sides of £e Machine, which, by Means of 
Screws, are moveable up and down, fo that the long 
Piece of Brafs, you fee moveable upon the Ends of each^ 
niay be placed either horizontally, that is, parallel to the 
Plane of the Ecliptic, or inclined thereto, in any Angle 
Jefs than 6^. So that it may be placed parallel, at any 
Time, to the Path of the Moon. 

Eleventhly, To the middle Part of this tranfverfe Piece 
IS fixed another, at right Angles, with Spring-Sockets^ 
through which Aides a long Slip of Brafs, on the Top 
of which is fixed a dark Circle, reprefenting' the Moon's 
penumbral Shadow, at the Surface of the Earth, in a 
Solar Eclipfe ; and in fuch Proportion to the Globe, as the 
xeal Penumbra of the Moon has to the Globe of the Earth. 

Twelfthfyf 7'he Slip of Brafs which carries the lunar 
Shadow is divided, from a certain Point each Way, into 
fi Scale of Minutes, by which Means, in any Eciipfe^ 
the neareft Diftance between the Center of the Penum* 
bra, and the Earth's Difk, or the Latitude of the Moon 
in an Eclipfe at the Time of a true Conjun^on, may be 
truly exprefied, and thereby the lunar Penumbra propeirly 
^djufted to the Di(k of the Earth, and its true I^aiC^e 
over it (hewn in that Eclipfe. 

Tbirteenthly, The lower Part of the traniVerfe Piece is 
divided into Teeth, adapted to a fmall Pinion that you fee 
in the Side of the Machine, by which Means this Piece, 
when the Machine is in Motion, carries the penumbral 
Shadow over the Earth's Difk, with the proper VelocitV 

of 
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of Motion which the Moon realJy has at that Time in her 
Orbit, or which the pcnumbral Shadow really has on the 
Difk of the Earth. 

Fourteenthiy^ But as the Mooa's Motion is fometlmc* 
quicker J and fometimes flowerj if we would be very accu- 
rate, there fliould be three of thofc tranfvcrfe Pieces^ 
containing each a different Number of Teeth of the fame 
Length, and fitted to exprcfs the grcateftj mean, and leaft: 
Velocity of the Moon's Motion, 

Fiftunthiy^ The Macbr fiery h fo contrivcdj that the 
diurnat Motion of the Earth, and annual Motion of the 
Sun may be performed in a Ihort Space of TimCj v/s. 
The annual Motion in fix Hours^ and the diurnal in 

nearly one Minute. And now, my Euphrsfym^ yoti 

are prepared for viewing the preat Phjenomcnaof Nature^ 
juft as they happen in the Comfc of Things, or other- 
wife, at Pleafurc *. 



^ An Explanation ff tht Machine. 
A B D F, Is the Body of the Machine. 
C, The Center of the Giobe» 
jE Q^ Equator. 
E Lj The Ecliptic. 
N % The Axis of the Globe. 
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Euphrof, In regard to the Ufe of this new conflm^ed 
Globe^ f muft be entirely paiEve, as I know not yet 
ivhich Way to go about folving any one Problem 5 but 
fhall be very glad to fee thofe natural Phaenomehaarife from 
the Dirediion of your own Hand. 

Clean. I will (hew them to you in their natural Order ; 
and, Firfl, you are to obferve, that fince the Pole of the 
Ecliptic is the higheft Point of the real Globe of the 
Earth, as it revolves about the Sun in its annual Orbit^ 
lb the fame Pole of the Ecliptic muft alwtys be the higheft 
Point, and therefore, what we may call the 7enith of 
this artificial Globe, the nether Pole of the Ecliptic being 
the Nadir, 

Euphrof, This I plainly fee ; and in Confequencc of 
which, the Ecliptic may be called the Horizon ; at leaf^^ 
I fee it parallel with the Horizon of the common Globe^ 
and will always remain fo. 

CUon. Your Remark is juft.— -Secondly, to red^ify 
this Globe, I fix the Ball, ^ representing the Sun in the 
Plane of the Ecliptic, on its Stem, at a fmall Diflance 
from the Globe. — Then, by turning the Winch, I caufe 
the Ecliptic Circle to move round ; fo that any Part 
which the Sun occupies at any Time, may be placed 
againfl the BrafSi Ball, or artificial Sun. ■ Thus, for 
Inftance, on the firft Day of April the Sun being in the 
twelfth Degree of y/nVf, I bring that Point exadly againft 
the Ball ; and thus the Globe is redlified for that Day of 
the Year. 

Euphrof, This is a different Re£lification of the Globtf» 
from what you (hewed me before ; but I fuppofe it is fuch 
as correfponds to the refpe(5live Situation of the Sun, and 
the Earth in its Orbit for that particular Day. 

Cleon, It does fo very exactly ; for the Earth being in 
the twelfth Degree of Libray if we look at the Sun in 
the Center, it muft necefTarily appear in the oppofite 
Point, or twelfth Degree of Aries^ as you very well know* 
Thirdly, I put the Machinery in Motion, and, in 
the Space of nearly one Minute, you fee the Earth revolve 
once round upon its Axis with an equable Motion, which 
exhibits to you a natural Idea of the Manner in which, 
the real Earth does turn upon its Axis, as it proceeds in, 
its Orbit about the Sun* 

Vol. H. I 
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Ettphr&f This is a very curious Reprcfentation, indeed^ 
of the Earth's diurnal Motion ; and I obfervc the Indeit 
b«low points out the fcvcral Hours of ihe DsLy^ and Nightj 
on the horary Circle In its Revolution. 

CU^tt* You will next obferve, my Euphr^fyne^ that 
when the Sun again comes into the Plane of the Ecliptic^ 
after one Rotation of the Earth about its Axis, that it is 
found to poilefs the next, or thirteenth Degree of the 
Ecliptic i fo that you are convinced of the fourth Phxno* 
men on hy ocular Demon ft rat ion, vi%. That in the Space 
of one natural D^y^ the Sun has an apparent Motion in 
the Ecliptic of one Degree Jieaily, 

Euphr^f* This I ob ferve with Pleafure, as it is very 
natural to fee how the apparent Motion of the Sun, in 
this little Globe, anfwer«* to that of the real Sun in the 
Heavens : — But as there are 365 Days in the Year, and 
only 360 Degrees in the Ecliptic, the apparent Motion 
of the Sun, at 2 Mem, cannot be quite one whole De- 
gree in a Day; but the Difference i^ too fmall lobe 
infifted on here. 

Chm* It is, indeed, very fmall for one Day ; but in 
the Space of the whole Year you will find every Part of 

the Ecliptic will be pafTed over by the Sun. The fifth 

Phsenomenon you will next ob ferve, is the Pafiage of that 
Part of the Earth's Surface under the Sun, to the Inhabi- 
tants of which the Sun is fuccefilvcly vertical on that Day, 

Euphruf* This appears extremely natural, indeed 5 I 
plainly Ite, that for the firft Day of April all the midland 
rarts of Africa^ the Indian Sta^ the Iflc of dylm^ the 
^ Kingdom of Al^imca^ the Pkilippifie Iflands, the vaft 
/TraS of Ocem between them and Anurka^ the large 
Continent of Smth Jmerua^ culhd T^rra Firmay &c, all 
fiafs under the Sun^ and therefore view him in their Ze- 
nith. — I muft needs own, this Reprefentation far exceeds 
that for the fame Purpofe on the common Globe, 

Cle&fi* The fixth Ph.irnomcnou h the variable Length 
ef Days snd Nights, according to the different Time? of 
the Year, which offers itfelf to the View herejuft a» it 
does in Nature ; fur when I bring the Meridian of any 
Place to pafs through the Sun, 1 then move the Hour of 
the Noon*l*)de XII to the Index, and re^ify the Moon's 
MorizQn hy the Latitude of that Place j for the Globe, in 
3 Motion, 
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Motion, naturally (hews you the Length of the Day and 
Night, at any given Time of the Year. 

Ettphrof, I apprehend it muft be fo : But an Example 
will ftill make it clear, which, I think, I am able to 
perform myfelf.— I fhall take our capital City, London^ 
foi* the Place ; and therefore ref^ify the moveable Horizon 
by fixing it at 51^ 30^ from the North Pole, by the ge- 
neral Meridian drawn on the Globe : — And now, I will 
firfl adjuft the Sun to the Beginning of the Ecliptic, by 
turning the Globe about till the vernal Equinox is right 
Bgainft it ; — Then, pleafe to put the Machine in Motion^ 

Clean, It is done. 

Euphrof, And very plainly I obferve, that at the End 
of fix Hours the Weftern Part of the Horizon is againft 
the Center of the Sun : — That in twelve Hours more^ 
the Eaftern Part of the Horizon is upon the Sun : — And 
after another fix Hours, the Equinox returns to the Sun, 
and plainly fhews me the Length of the Day and Night 

is the fame on that Day of the Year. Alfo, I fee the 

Sun naturally Setting, or apparently pafling below the 
Weflern Part of the Horizon at Six in the Evening,— 
and rifing above the Horizon at Six in the Morning, juit 

at the Point due Eaft. All this I can eafily fee will 

follow from the Motion of the Earth, carrying the Hori- 
zon of London along with it, over the Body or Diik of 
the Sun. 

CUon. And one Thing farther you will take Notice of^ 
a fcventh Phaenomenon, which will more illuftrate this 
DoArine, which is, the Circle of Illumination fixed to the 
Machine, and furrounding the Globe in fuch a Manner, 
as to divide it into the enlightened and dark Hemifpheres^ 
This Circle may, with fome Propriety, be called the 
iblar Horizon, as it is every where exadly 90? diftant 
from the Sun. 

Euflfrof. I readily fee what Confequences will attend 

this Obfervation : Becaufe it mufl neceflarily happen 

from hence, that when the Horizon of any Place is upon 
the Sun, the Place itfelf will be under the Circle of 
Illumination ; and therefore, jufl en tring into the darkened 
Hemifphere. — The Reafon, therefore, of Day and Night, 
and all their Variations is, from hence, extremely obvious, 
and more fo, bymuch, than in the Orrery itfelf. 

I 2 



tt6 THE YOUNG GENTLEMAN 

Clmn. You cannot be too well apprized of the Nature 
of this grand Phsenotncnon ; and therefore it will be 
proper to repeat the Experiment for the l6ngeft Day in 
the Year in the Latitude of Landm^ which will prefent 
you with a View of the greateft Inequality of Days and 
Nights that can happen here. 

Euphrof. This, 1 prefume, I can eafily do» by moving 
the hrfl Degree of Cancer to the Sun, and then turn the 
Globe on its Axis till the ^un comes to the Meridian of 
L&iidm, — where Jetting it ref>, 1 turn the Hour Circle 

till the Meridian XII is at the Index : Then giving 

Motion to the Machine, — I fee the Globe revolves ijifuch 
a Manner, that the Tropic of Canur conftantly paflrs 
under the Sun, from Weft to Eaft, till at Length the 
Weftern Horizon cr>mes upon the Sun : — At the fame 
Time 1 obferve the City of London is under the Cirde cf 
liluminaihn^ and goes into the darkened Hemifphere at 
the fame Moment of Time that thc^ Sun is feen below the 

Horizon.- 'When this happens, the Index points to 

VIII o'clock, and fomewhat more.^ Again* the Globe, 

continuing in Motion, Carrie.^ the IHand of Gnat-Britmn 
through the darkened Hemifphere j till at Length it ap- 
pears on the other Side of the Cirde of liluminathn^ and 
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and Eful of Twilight^ which is the eighth Phaenomenon 
in this Machinery. 

Euphrof. Well, this is a Curiofity over an(^ above 
what I expefted ; a Piece of Knowledge that does not 
picafc me a little : for, though I had iome indire£l and 
£unt Ideas before, my Notions of it are vaftly enlarged 

and improved by tbis natural Reprefentation. And 

what delights me very much is, that in the lad Example 
of the longefl Day, I fee there can be no dark Night 
at all ; fmce the Sun, at Midnight, is not by many 
Degrees fo far below the Horizon of London as is the 
Circle of TiuUigbt.-^'^ or indeed, for many Days before, 
and after the longed Day, the DepreiBon of the Sun, 
at Midnight, will not be fo great as thq Diftance of 
that Crepufcular CircU from the Horizon ; and that, for 
that Space of Time, there will be no dark Nighty 
which there rouft be, more or lefs, at all other Times of 
the Year. 

Cleon. At your Leifure, you may praftice .this Pro- 
blem for the iho'rteft Day, in the fame Marnier as for 
the longeft j and like wife, for the Times of the Be- 
ginning and End of Twilight at any Time of the Year, 
what 1 muft next obfervc is, the ninth Phaenomenon, 
which is of the greateft Importance of all, viz. The various 
Seasons of the Year: — For, by what we have already 
fccn, you learn, (ift>) That when the Sun, in its ap- 
parent Motion, pofiefles the Beginning of the Ecliptic, 
or firft Point of Ariesy then alfo the Poles of the World 
appear under the Circle of Illumination^ and then the 
Days and Nights are not only equal, but the Sun being 
at an equal t)iftance from either Pole, his Light and 
Heat is then of a mean Degree, and makes that delightful 
Seafon which we call the Spring, (idly,) As the 
Sun advances in its annual Courfe gradually towards 
Cancery the North Pole, by degrees, is brought flill 
farther into the enlightened Hemifphcre, till, at lad, 
when the Sun arrives to the firft Degree of Cancer^ the 
North Pole is then 23** 30' within the illumined Hemif- 
phere, or by fo much nearer the Sun than it was before 5 
and confequently its Light and Heat will now be the 
greateft ot all, in all the Northern Latitudes, as well 
ai the D^ys the longeft 5 and therefore you fee the Nature 

1 3 of 



ii8 THE YOUNG GENTLEMAN 

of the Seafon we call Summer, dcmonftrably plain, 
(jdly,) The Globe continuing in Motion, the Sun 
appears to advance towards Libra ; and the North Pok 
letrcatSj by degrees, and gets a fecond Time under the 
Circle of Illumination : — At that Inftant the Sun arrives 
at Li tray and then it caufes the autmntail Season, 
(4thlyj) The Motions of the Globe continuing, you 
lee the Sun gradually advance, from Day to Day, to- 
wards the Beginning of Capricorn i and the North Pole 
going farther and farther into the darkened Hemifphert, 
till, at Length, v^hen the Sun comes to the firft Scruple 
of Capricorn, the North Pole will be then 23*^ 30' from 
the Circle of Illumination in the darkened Hemifphere, and 
that of Courfe, in this Pofition of the Globe, the Days 
will not only be the ftiorteft, but the Light and Heat 
of the Sun will be the leaft it ever can be in Northern 
Latitude^ and therefore makes the fVinttr Seasok, — 
Hence, in a fhort Time, you fee all the Succeflion of 
Seafons/ with all their Variety of Incidents, in the 
Courfe of a whole Year* 

Euphrof. This is not on!y a compendious, but a 
beautiful View of Nature's great Events, refulting from 
the moft fimple Caufes. — Not only the Seafons, amd 
diiFerent Length of Days and Nights, butlikewife many 
other curious SuhjciTts ofter themftlves to my View, in 
this Speculation of a Globe in Motion : — ^I fee the 
Parts of tJic Earth, or Circum-polar Regions, alternate- 
ly, wholly enlightened, or wholly in the Dark at oppofite 
Times of the Ycar^ — I fee when the Sun begms to ftiine 
without Setting, and to fet without Oiining any more 
to the different Inhabitants within- the polar Circle : — 
J obferve, how naturally all the different Parts of the 
Torrid Zone come under the perpendicular Beam^ of 
the Sun, in the Courfe of a Year, — But I fhail no 

longer detain you with thcfe common Subje^^ts. — 

There is yet an Apparatus remaining, which, I fee 
by the Fomi of it, has Relation to the Nature of 
Eclipfcs; pray, am I, at prefcnt, to learn the Ufe of 
'that? 

Ckon, By all Means, it being the principal Part of 
the Defign of this Conftrudtion, to give you a more 
natural View of a folar Eclipfe, and the Manner \n, 
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which it happens, than hy any Contrivance of the com- 
mon Globes, Orreries, ^c» efpecially what relates to 
«an Explication of the particular Phafes thereof; for, 
%Q anfwer fuch Parpofes in the bcft Manner, you ought 
to know in what Manner the Shadow of the Moon goes 
over the Surface of the Earth in the Time of the 
Eclipfe. Altho' I have formerly illuflrated this, by a 
Copper-plate Print, in a general Way, ♦ yet that will 
by no Means fuffice for a full and adequate Notion of 
this Matter. It was there, indeed, fhewn, what was 
the Totaly and what the penumbral Shadow of the 
Moon; but it ftill required the Surface of a. Globe, to 
ihew the Proportion of the dark and penumbral Shadow, 
when compared therewith ; alfo what is the particular 
Courfe over, and Figure of the Shadow upon the Sur- 
face of the faid Globe, fo that it may have the fame 
Appearance as if you was aftually to fee it on the Sur- 
face of the Earth itfelf. — The Aftronomers have Methods 
whereby they can, at all Times, afcertain the true 
DimenHons of the Moon's Shadow at the Surface of 
the Earth, and, confequently, can aiHgn the Proportion 
it bears to the Earth's Surface : Therefore, whatever the 
Size of the Globe you make Ufe of may be, we can 
immediately adapt a Shadow to it, but cutting out a 
circular Piece of black Crape, which fhall bear the 
required Proportion to the Surface of the Globe. This 
Crape will d not? the penumbral Shadow. — -^In the 
Center of this Crape we can fix one of your fmall 
Patches, to reprefent the dark Shadow of the Moon, in 
a proper Proportion to the penumbral Shadow ; and here, 
let me tell you, it is much more properly applied than 
when it is placed on your own Face, to eclipfe fome of 

the natural Beauty thereof, In the next Place, thp 

Inclination of the Moon's Orbit to the Pjane of the 
Ecliptic, i$ at all Times known j ^nd therefore the 
Latitude of the Moon, or its perpendicular piftauce 
from the Eclipfic, is known at the Time of any given 
Eclipfe, and, confequently, the Path o^ the Center of 
the Shadow may be thereby afligned on the Surface of 
the Globe : — Confequently, the Time when the Shadow 

"^ - • Sec Plate XVm. Page 150. Vol. I. 
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firfl: 



Surface of tfw 



enters on the Difk of the Earth, 
Globe, and aJfo the Time when tt goes off ^ and there- 
fore, theBcgmning, the Middle, and End of the Ecltpfei 
with the CL^antity thereof, tnzy eafily be determined ani^_ 
reprefented by this Machinery. 4H 

Eupkrtif I muft confefs that, till you have put your*" 
ecliptic Apparatus in Order, and applied it to the Ma- 
chine, 1 cannot have fo clear an Idea of the Defign of 
it as I then may | for, I prefume, the Ufe of each par- 
ticuLir Part will then more fully appear. 

CUon. It will fo ; — But befare we can proceed any 
farther in this Speculation^ we muft adjourn to a Sun- 
jhiny Morning, when we can view the various Fhafct 
of a Solar Ecltpfe to the bcft Advantage | and till then 
you may ruminate on the Subjects that hav^, at 
prefent, pafied between us, and render yourfelf more 
pctfc^ in the Ufes of the Globe each ditFerent Way. 



DIALOGUE Xm. 

On the Ufe af iheKevf Apparatus to the Terhes- 
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lower Part, to the Number of Eighty; to. the middle 
part of this Piece I apply the Crape, or Shadow of 
the Moon, placed on the Top of a long Stem, or Slip 
of Bra£s, before (Jefcribed, and lowering one of the Brals 
Arms, and raifniir the other, I fix the Sliding-piece 
exactly parallel to the Orbit of the Moon, which is 
done by the Divifions on the Slidin^-part of the Arms; 
Chen I move the Arm which carries the Shadow up, or 
down, in the Sockets, till fuch Time the Number which 
(Expreffes the Latitude of the Moon from the Ecliptic,' 
in the Middle of the Eclipfe, touches the upper Socket, 
and there fcrew it fad. — A Motion is then communicated 
to the Slider by a fmall Pinion, which you fee on the 
Outfideof the Box, working in the Teeth of the Slider ; 
and as twelve Teeth in the Slider anfwers to one Hour's 
Motion^ there will be fix Hours and an half Motion 
upon the whole, if required, which is fomewhat more 
than the Time of any generally Solar Eclipfe. — And 
flow, to make every Thing clear and plain, by Example, 
I ihall give you a Reprefentation of that remarkable 
Solar Eclipfe that >vill happen on the ift Day of Jpril 
in the Year 1764. 

Euphrof, That I underftand, by what you have faid, 
is the largeft Eclipfe we are to expedl for many Years 
to come, and therefore a Reprefentation of it, in your 
fiew, anc} natural Method, muft certainly be very 
agreeable. 

CUon, That you may have the cleared Idea of this 
Matter, you are to fuppofe yourfclf, at the Time of the 
Eclipfe, tranflated to the Moon ; and from thence to 
view her Shadow paffing over the Surfjce of the Earth, 
which Surface, or Diflc of the Earth, will appear iixteen 
Times as large, to your Eye placed there, as the full 
Moon appear^ to you here ; and a|l the enlighten 'd Sur- 
face of the Earth will, in fuch a Cafe, be turned diredlly 
to your Eye in the Moon ; and you would, in that Cafe, 
fee the pcnumbral Shadow of the Moon gradually com- 
ing on, and travcrfing over the upper, or northern Parts 
of the Earth's enlightened Difk, together with the dark 
pentral Spot in the Middle. — This Appearance of the 
Earth's Difk, as I faid before, may be reprefented by a 
(jlobe of any Size, and the Crape to reprefent .the 

penumbra! 
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|>enumbral Shadow, * with the Patch in the Mtddk 
reprefent the d^rk Shadow, toeing proportioned thereto, 
willj when the Machine is in Motionj exhibit to you 
very nearly the fame Appearance as you would obTervc 
from the Moon* — Therefore, in the firil Place^ as it is 
known by Calculation that this Eclipfe will happen 
when the Sun is in the twelfth Degree of Jrhs^ I adjufl: 
the Globe fo, that that Point of the Ecliptic may be juil 
in the Middle of the enlightened Hemifphere, or every 
Way 90^ from the Circle of Illumination, and juil ai thist 
Point of the Ecliptic I place the artificial Sun : Then I 
bring the Meridian of London to pafs thro' the Sun» aiid 
move the hour Circle till the Index points to Xll i and 
as the general Eclipfe begins about twenty Minutes after 
VII, I turn the Globe about till the Index points to the 
Hour of VIL — And fmce the Middle of the Eclipfe hap- 
pens a few Minutes after X, I move the Shadow on the 
Aiding Piece towards the left Hand, or weflcrn Side of 
the Globe, by a little more than the Sp;ice of half the 
Duration of the Eclipfe^ which is fhcwn by the Hours 
and Minutes placed on the Slider, cuch Way from the 
Middle, — Then having raifed the Shadow, by the Scale 
of the Moon's Latitude placed on the Stem, the Machine 
is ready for Motion* 

Euphrof, By all this Preparation, I plainly perceive an 
Eclipfe of the Earth h at hand. When the Machine is 
in Motion, I cannot help feeing, that the Shadow of that 
Crape will very naturally reprcfcnC the Shadow of the 
Moon, as it paneth over the Surface of the Earth ; But 
how do you adjuft that Shadow ? — The Sun fliincs, 'tis 
true ; but his Beams are fo oblique, that I do not fee 
how they are to anfwer the Pyrpofe, as they at prefcnt 
will fall over the Circle of Illumination, when the Globe 
is turned towards the Sun, and fo the enlightened and dark 
Hemifphercs will not be the fame as rcprefcnted by the 
Machinery, 

Cie&n, To all this, the Anfwer is ready and cafy ; 
for the artificial Day and Night may be truly made at any 
Time by the Sun-Beams^ or Candle-light; — For if I 
place the Globe toward the Sun, and place a Lookingr 
glafs on the Table, (between the Sun and the Globe) 
inclined in a, proper Degree^ it will throw the Sun Beams 

parallel 
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paraMel to the Horizon, and, confequently, every where 
perpendicular to the Plane of the Circle of Illumination i 
by which Me^ns, that Part of the Globe will be enligh- 
tened, and reprefent the Day juftas it 4s in Nature. 
The fame Thing alfo is to be done by placing a Candle 
in the Focus of a large Lens, or Speculum, which, by 
that Means, will be direded parallel to illuminate the 

Hemifphere required. But as the Sun Beams arc moft 

natural, and fitted for our Purpofe at prefent, your Drefl^ 
ing-glafs will be th^ moft proper to difpofe the Rays for 
making the artificial Day, which you can bring me down 
and fct on this Table. 

Euphrof, I will inftantly go and fetch it ; here it is ; 

and, by the Screws, you will place it in the Pofition 
which you know to be necefTary. 

Cleom I have duly placed the Table, and put up the 
Safh, and now the oun Beams fall on the Glafs. — I move 
it up and down, till fuch Time I find the Rays go paral- 
lel to the Horizon, and fall on the Globe as they ought. 
•—And now, you have nothing to do but to obferve the 
general Phaenomena of the Eclipfe, which, upon my put- 
ting the Machine in Motion, you will obferve to be a« 
follows : 

I. You fee the eaftem Edge of the Shadow come upon 
the weftern Part of the Earth's Surface, and firft touch it 
on the weftern Parts of Africa : Alfo, that the eaftem 
Part of the Shadow gradually jpzKcs along on the Cirde 
of Illumination j and defcribes a Traft on the Surface of 
the Earth, {hewing all that Part, whofe Inhabitants view 
the Sun beginning to be eclipfed at the Horizon, or that 
the eaftcrn Limb of the Moon touches the weftern Limb 
of the Sun, juft riftng above the Horizon. 

II. Soon after this, you obferve the vertical Line on 
the Crape (which divides the Shadow into the eaftem 
and weftern Semi-circle) will come upon the Circle of 
Illumination, and denote that Tradl upon the Surface of 
the Earth where the Sun will appear to rife with the 
Moon, as far advanced on its Surface as fhe can be, 
and where the Eclipfe will appear greateft of all at Sun- 
riftng. 

in. The Middle of this Line, or central Spot of the 
Shadoyr, wiH come upon the faid Circle at its Entrance 
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on the illuminated Di^ | and thofe who tnhabic that par- 
ticular Spotj you will eafily obferve, muft fee the Surt 
rife centrally eclipfcd, 

IV* As the Shadow advances, you fee the weftem 
Part coming on upon the Earth's Surfaccj and in every 
Part, where the weftcni Edge of the Shadow comes upon 
the Circle of lUurnination, the Inhabitants of that long 
Tra£t will obferve the Sun rifing, with the weftern Limb 
of the Moon juft touching the Sun on the loweft, or 
eaftern Part in the Horizon, /. e. they will fee the Moon 
go off, or the Eclipfe end juft as the Sun is nfen.^ — ^And 
thefe will be the Appearances of the Eclipfe, at Sun- 
riling, to the Inhabitants of the weft em Parts of Africa 
and £wrfl^f to the North Pole, or a little beyond it, in* 
eluding a large Space on the Surface of the Earth* 

V. As the Shadow advances, the greateft Part is 
received on the Surface of the Earth ; but all the upper 
Part falls off into the Expanfe over the northern Regions : 
And as it rifcs higher and higher above the Plain of the 
Kciiptic, fo the Center of the Shadow goes northerly ttl! 
Jt has dcfcribed a Tra£l, obliquely, from the Weil of 
Africa to the northern Parts of Mofcovy^ where it goes off 
from the Earth. 

VL 'Qy the black Circles on the Crape, round the 
Center, is fhewn how much of the Sun's Surface will 
be eclipfed from the View of the Inhabitants who live on 
thofe Parts, where the Circles pafs. Thus they who live 
in the Trad of the Center will fee no Part of the Sun*a 
Difk, but the Sun will be centrally eclipfed to them.— 
Thofe who live under the Shadow oFthefirft Circle from 
the Center, will view ten Digits eclipfed, or ten Parts 

put of twelve of the Sun's Diameter* Thofe who live 

under the Shadow of the fecond Circle from the Center, 

will view but eight Digits eclipfal. Thofe who live 

under the Shadow of the third Circle, fee but fix Digits^ 
or half the Sun's Diameter eclipfed, and fo in proportion 
to the other Circles, 

VIE Becaufe the Sun*s Diameter does a little exceed 
the Moon*s, theretbre the Eclipfe, where central, will 
not be total ; but there will be a Ring: <^f Light all round 
pn the Edgeof thp Sun, which occasions fuch an Eclipfe 
10 l>c called Annukr^ In fgmc Cafes, the apparent Sur^ 

fac« 
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face of the new Moon is larger than that of the Sun, and 
then the Eclipfe is central, and total. 

VllL You will next obferve, there is a certain Point 
in the Meridian of the enlightened Di(k, a little beyond 
the Pole, which, while the Globe is turning upon his 
Axis, does only jufl touch the Circle of Illumination,, 
but goes not beyond it j in that very Part they view the 
Sun, in the South Point of the Horizon, neither fetting 
nor rifing, with the fouthern Limb of the Moon juft 
touchin^r it on the northern Edce ; and this is the Term 
where the Beginning of the Eclipfe ceafes at Sun-rifing, 
and begins at Sun-fet : For, 

IX. When the eailern Edge of the Shadow has pafTed 
this Point, it will come upon thofe Parts of the Surface 
of the Earth on the eaftern Side, which are paffing under 
the Circle of Illumination, into the dark Hemifpherc; 
and in all thofe Places which are traced out by the Eaft 
Edge of the Shadow, applying to the faid Circle, the In- 
jiabitants will view the Eclipfe begin jufl as the Sun fets, 
or they will view the ea/lern Limb of the Moon, and 
Weft Limb of the Sun touching in the Horizon. 

X. The vertical Line of the Shadow, as it fucceffively 
applies to the fcveral Parts of the Circle of Illumination, 
will trace out all that Part on the eaftern Side of the 
Globe, to whofc Inhabitants the Sun will appear eclipfed, 
in thegrcateft Quantity that can be to them, at Setting ; 
and in that particular Fart where the Middle of the Line, 
or Center of the Shadow, touches the Circle, the Sun 
will appear centrally eclipfed at his Setting. 

XL As the Shadow pafTes on, the weftern Edge comes, 
by Degrees, on the eaftern Part of the Circle of Illumi- 
nation, and the Inhabitants of all thofe Parts which are 
on the Edge of the Shadow, under the Circle, fe2 the 
Eclipfe end, or the Moon paffing oft the upper Limb of 
the fetting Sun. 

XII. During the Paflage of the Shadow over the 
Earth's Surface, you will obferve the Earth keeps regu^ 
lady moving on upon its Axis, the fame Way with the 
Moon's Shadow, fiom Weft to Eaft, by which Means it 
hai^pens, that a much lefs Quantity of the Surface of the 
Earth is obfcured by the Shadow, than would have been, 
had there been no diurnal Motion. 

XIII. 
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XI n. With regard to anv one particular Placc^ 
L&mUn, for Inftance, you will obferve, that when th«s 
caftern Edge of the ShadoTV comes upon it, the Eclipfe 
begins; aitd when the weflern Edge of the Shadow 
touches ft, the EcHpfe ends : And when the vertical Line 
of the Shadow is upon it, the EcIipfe is the greateft of 
all, and the Circle neareft to it will (hew the Digits 
eclipfcd. 

XIV, The Time of any particular Phafc is obferved 
for any gtv^cn Placej by the Hour Circle : Thus the 
Beginning of the Eclipfe at Lmd(^n is there fhewn to be 
a few Minutes after IX^ the Middle about twenty Mi- 
nutes after X, and End at about three Quarters after XT, 

and that there will be nearly eleven Digits ccHpfed. 

Such, my Eufhrafynt^ are the Appearances of a Solar' 
EclipfCj the general Rationale of all which, as exhibited 
in this Manner, 1 make no Doubt, will be fufficiently 
evident to you, 

Euphrof I think, every Particular you have mentionedl 
we may, with proper Attention, deduce from bare In- 
fpetBion : — But your Leflbn has been fo long, and con^ 
fiils of fuch a Number of Particulars, that I muft take 
Opportunity of recollecling, reconridering, and pra^tifinj] 
them, at my Leifure^ for though it gives me the highcAl 
Satisfaction, to have but a general View, or Notion of 
Things of fo fublime and intricate a Nature, yet it can- 
not be expected that 1, or any one, (bould at once be* 
come acquainted with the Nature and Dodrineof £clipres,._5 
1 think myfcif extremely happy, that I have it in mi 
Power to repeat thdc Pheenomcna whenever I pkafe^ by 
the Inftruments you have been fo kind as to provide for 
my Improvement in this Sort of Knowledge. 

CUm. My Endeavours fhall never be wanting to giv« 
vou the bcit Idea of Things in my Power, and, ere long, 
1 may put fomething more into your Hands, that will 
contribute to facilitate jour Knowledge of thefe Things; 
but it will be previoufiy neccflary, that you rtiould have 
fome diftin^ Notion of what we mean by the Dodrinc of 
thofc PrQjeifhm of the Surface of the Globe which wc 
call Maps and Charts : And this will be the Subjeiufc of 
our next Converfation* 
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DfALOGUE XIV. 

On the Nature and Ufe of Geographical Projec- 
tions, ufualfy called Maps and Charts; 
with a Specimen of one of a New Conftrudtifn, 
comprehending the Wefiem^ or Atlantic Ocean^ and 
his Britannic Majefty's Dominions on the Conti* 
7$cnts of EvKOPE and AwEKiQA.. 

Ckonicus, 

YOU may think it, perhaps, fuperfluous, my Eu" 
phrofyney after we have dwelt fo long on the Ufe of 



the Globes, to trouble you with any Thing more of a 
Geographical Nature ; but, as I have hinted to you in a 
former Converfation, the Globes themfelves will not 
fuffice for aH Geographical Purpofes. On the other hand, 
we are obliged more frequently to have Recourfe to what 
we call Geographical Projections of the feveral Parts of 
the Surfaces, on a Plain, which go by the common 
Names of Maps and Sea Charts ; the former of which 
contain a Part of the Earth's Surface only, the other of 
the Sea Coafts and Oceans. 

Euphrof. You need not be afraid of my being tired with 
fnch ufeHil and pleafant Studies, as the Science of Geo- 
graphy affords ; efpecially, as I apprehend the Ufe of 
Slaps is fo very confiderable, that the greateft Part of our 
Pleafure in reading Books, that gives us an Account of 
the feveral Parts of the World, is derived from thence ; 
for without them, fuch Treatifes muft be very dry and 
unentertaining : Therefore, let me know as much of 
their Nature and Ufe as you poflibly can. 

Clean. I will relate to you twtry Particular that I think 
can be of Service concerning them ; and, in the Mk 
Place, we may obferve, that they are of two Sorts, 
General and Particular j a general Map is a Prejedion 
of the globular Surface of the Earth, on two circular 
Planes, which are ufually called Maps of the World. 
The particular Sorts, are only Maps of fome particular 

COMJJ- 
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Countries, Sea Coafh, Seas, &t. How thefe are madei i 

I ftiail (h^w in thdr Order, and obferve to you, the Dc-* ' 

ficicncie:* and Excellencies of each, and tlien prefent you 

with a new and general Map, of a Kind that has never ^j 

yet been pub lifhed. i^H 

Ei/pha/l Thefc are Particulars I fhould be very gla4^^ 
to be mhiucSted in ; and» in the firft PUce^ plcife to let 
nne know^ how the general Maps of the World are I 
formed. 

Ci^ath I will ; but, for this Purpofe, you mul^ call to 1 
your Affiihmce the Power of Imaginatian, and (uppofe, I 
that you had a Hemifphcre, or Half Globe of Glafs, and j 
that the Bafe of this Hemifphere was every where termi- ' 
natcd by the gciieral Meridian that pafTes ihrough the 

Ifland of F^rr^ m the wcltern Ocean. Then you muft 

imagine, that over all the Surface of this glafs Hemi* 
fphere, the various Ccat'n.nis, Kingdoms^ Countri«j 
Oceans, St as, ^c are all nicely drawn, in Water-Co- 
lours, fo as to reprefent compleatjy the eaftern Hemi- 

fphere of the Globe, divided by fuch a Meridian, ■ 

Then J in the nt-jtt Place, fuppofe a Gbfs Plane v/ere 
placed upon the Ba^fe of this Hemifpherc, and then both 
placed in a perpendicular Situ:ition to the Eye, you can 
conceive that all the Parts of the painted Hcmifpherc 
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flirft, to inquire, where the Eye is to be placed for view- 
ing the HemiYphere fo as to produce fuch a Map oh the 
glafs Plane ? — 

CUon, The Situation of the Eye in that Cafe, iry£«- 
fhrojym^ is exa<aiy againft the Middle of the Hemifphcrcj 
and that the Diftance is half of the Diameter of the faid 
Hemifphere, or Globe: Thus, for Example, fuppofe the 
Globe were twelve Inches in Diameter, then the Point 
of Sight, or Place of the Eye, is juft fix Inches from the 
Center of the Hemifphere. — ^The Eye, in that Pofidon^ 
tor at that Diflance, views, upon the tranfparent Plane, 
the Surface of the eaftern Geographical Hemifphere ex- 
adly the fame as you fee in a twelve Inch Map of the 
World, in the right>hand Circle. 

Eupbrof, I very clearly underhand your Meaning; 
and in the fame Manner, tne Map in the left-hand Circle, 
including America, is alfo formed j you need fay no more 
to me on this Head, as I am fully fatislied of the Manner 
of making thefe Maps : But their peculiar Properties, or 
Chara£^er, I fhould be glad to hear you rehearfe. 

Clion. Thefe I will enumerate in Order j and firft, it 
inuft be obferved, that the globular Surface of the Earth 
tannot by any Means be fo reprefcnted on a Plane, as to 
t>refehre that Proportion and Relation of all the Parts to 
each other, as they have on the Globe iifelf ; but in this 
common Map, or Proje£lion, we are now fpeaking of^ 
ihat Proportion and Relation is lefs preferved, or the 
Countries more diftorted, than in any other Sort of Maps 
in common Ufe, even to fuch Degree, that you obferve ♦. 
the«Meridians and Parallels are almofl twice as near toge- 
ther in the Middle Parts of the Map, as they are on the. 
Outfide: Whereas on the Globe, they are every whert 
ac an equal iDiftance ; which Equality of Diftance ought, 
as much as poflible, to be ubfervcd in Maps : Since, when 
thofe Diftances are fo very unequal, the Magnitudes of 
the feveral Parts of the Country will vary greatly- from the 
Truth, or from the Proportion which they have among 
themfelves. Thus, for Inflance, the Ifle of Madagafcar^ 

* The Reader is here fuppofed to have his Eye upon one of 
thofe common Maps of the World, as that iathe Beginning of 
Salmon^ s Geoffraphical Grammar^ l^c. 

Vol. II. ' K in 
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in the Middle of fuch a Map^ appears near four Tlm<t 
Icfe than it would do if placed on the Outfide; and the 
lilaiid of Great Britam^ near the Meridian, appears, in 
Proportion f as much larger than what it would do placed 
in the Middle of tht Map, — Not only, therefore, the 
particular Dimenfions, but alfo the Bearings^ Di fiances, 
and other Geographical Relations of Places, are hereby 
very much per vened, which, as they give wrong 14c;^ 
of Geography, and l^ad the Mind to Error, muft cer- 
tainly prove this Sort of Map of very ill Cofifequence to 
the literary Republic, and fit only for the Amufemcnt of 
ignorant Pcrfons. 

Euphnf If thofc Maps juftly defervc fo bad a Cha- 
rader, as you have plainly proved, 1 would be gU4 to 
know how they came into fuch general Ufe I 

Ciesn. It is in this as in all other Cafes ^ bad Things 
generally hav^ their Rife in Ignorance, and are con- 
tinued by Cuftom, 

Cuftdm^ that Mankind int§ Slavery hringti 
Thi dull Excufefir d&mgjiihf Thing t* 

RoscoMMOif. 

And there can be no other Apology for fach a vicious 
Sort of Maps, which are theftanding Opproifrium of the 
learned World ; — but of thefc we have faid enough, ani 
more than they dcfcrve* 

Euphrof What Sort of Projcaion, Or Map, would 
you then reconimend as approaching neareft to the P ro- 
ller tics of a Geographical M'tp on the Globe I 

Ckm. To this 1 will give you an Anfwer in few 

Words : There are certain Pofttions of the ^y^^ in 

which the Meridians will be projedled, on the tranfparent 
Plane, at equal Diftances from each other ; but there is 
jio &m Pofition of the Eye in which they appear fo. 
However, it was always eafy, by the Rules of Art, to 
draw them In this Manner, as wtfll as all the Parallels, 
equally diftint In the middle pLirts of the Map ; and 
fuice, in this Cafe, the Inclination of Meridians is every 
where the fame a* on the GJobc, and the Diftance of the 
Parallels in all the middle Parts the fame as on the Globe, 
therefore thti Pro] eft ion has defervcdly merited the Title 
it bears, *r»» the Ghhukr Prejtiiien^ or Map of th^ 
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World-^-of which this is a particular Specimen ^, which 
I prefent to you for your Ufe. 

Ettphrof, I am greatly obliged to you for this curious 
Prefent, and for the Care you take that my Ideas are 

formed on the jufteft Plan. 1 can, indeed, fo readily 

perceive a Difference between thefe and the commoti 
Maps, that I cannot but wonder how one of fo much 
Beauty, Elegance, and Truth, (hould have been fo littlq 
regarded, in Comparifon to that vulgar, erroneous, and 
deformed one in common Ufe. ■ I can eafily perceive, 
that in this new Map of the World, the Countries have, 
the (ame Proportion, nearly, as they have on the Surface 
of the Globe, fo much, indeed, that when I compare 
them with the Globe itfelf, I can fcarcely perceive the 
Difference. — ^Pray, what other Maps of the World are 
there, befides thofe you have already mentioned ? - 

Cleon, There are none of general Ufe ; fome have been 
made, by pi^e^ting the Surface of the Earth on the 
Plane of the Horizon, which have their particular Ufes. 
*— Others are made on a particular Scale, called MercO' 
tor's Proje£iion ; in which the Meridians are all ftrait 
Lines, and parallel to each other; and In which the 
Degrees of Latitude increafe in Proportion as the De- 
grees of Longitude decreafe, in going towards the Poles ; 
but thefe are chiefly in Ufe in Navigation, though not 
idtogether unworthy the Notice of any young Lady^ or 
Gentleman, inclined to Philofophical Studies. I need 
liot infift any longer on the Nature of general Maps, or 
dieir Ufes in findiiig the Latitude, Longitude, dc, of 
particular Places, fmce thefe are common Topics you 
are, by this Time, full well acquainted withf . 

• SeetheNfiw Globular Projection, or Map of the 
tS^orld; with a Solution of all Geographical Problems, in a 
circular Spate about each Hemifphere : Alfo, the Map of the 
World at the Beginning of the Philo/opbical Geograpfy, 

P*gc 33- 

t Such of our Readers who defire a more particular IIIup 
iiratiott of this Affair, may pleafe to caft their Eye upon a 
Diagram in Plate 3^, where A B D is the Hemifphere above 
defcribed, and A C D the tranfparent Plane on its Safe ; the 
Point E is the Place of the Eye, to view the fcveral Parts of 
dut Hemiiphere opon the Plane, according to the common 
' K 2 Projeftipn, 
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Euphraf, You intimated, there were different Sorts of 
particular Maps ; I Hiould be glad to know their 0if-* 

ference and Pec uUari ties* 



Projedion, tKat is, ECU equal to A C, The middle Point 
of the Hcmifphere at 90 '^ wUl be prQJe*aed on the Point C in 
the Glafs Plane ; and if from the Point V the Line V E br 
drawn, it will reprefent the Ray of Light pro;e£ling the 80* 
tn the Point N ; and if from the Point S we draw the Line S £,' 
it will be that Ray of Light which proje^s the io*' upon the' 
Point P in the faid Plane. Now from a Table of natural Tan-' 
gents It may be ihewo, that A P, the Projefiion of lo** on the 
Side of the Plane, is almoft twice as large as N Cj the pro^ 
jeded Diftance of 10*^ in the Middle of the Plane; and if: 
Lines were drawn from E to zo, 30, 40, 50, 60, and 70^ in 
the Hemifphere, they would interfed the Plane in the dotted 
Lines which you fee plated there by the fame Numbers, and 
the Intervals between thofe Lines on the Plar^ will be all 
unequal ; But thefc arc the feveral Points through which the 
Meridians arc drawn, which Ihews the Reafon vvhy all the 
Meridians arc at unequal Diilancei m the Equator of o'jr com- 
jBOn Map5. 

But if yoa now cafl: yonr Eye on the other Side of the Hemi- 
fphere, you will there perceive the Line C I> divided into 
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' €U0n, Thcfc, with rcfpe^l to particular Places, are ^. 
much jufter Reprefentation of them than general Maps 
can be j for, if only one Kingdom or Country is to be 
xcprcfcnted, thi^ may be done, nearly, with as much 
Truth as on the Globe itfelf, and is of much greater 
Advantage in one Refpe6l than even the Globe, as it 
will admit of a much larger Scale, and, of Courfe, a 
more fpacjous, diftin6l, and exad Delineation of any 
fuch particular Country. 

Eupbrof, This I immediately fee the ^eafon of, fince 
a fmaJl Tra^l, or Area, on the Surface of a Globe, dif- 
fers very infenfibly from a Plane. Thus, the circular 

Space of ten Degrees on the Surface of a twelve Inch 
Globe, differs but very little from the Plane, and yet 
comprehends the Ifland of Great Britain^ and all the 
adjacent Country and Coaft about it. — On larger Globes, 
It muft differ flill lefs froni a Plane ; and therefore the 
Parts of Great Britain^ the Englijh and Ir'ijh Channel, 
German Oaan^ ^c. when laid down from a large Scale, 
mull be confidered as Part of the Surface of a very large 
Globe. 

Cleon, What you obferve is very juft, and you may 
cafily know how large the Globe muft be, to have the 
Country of the fame Dimenfions upon it as you fee in the 
Map. — Thus, for Inftance, if you fee a Map in which 
the Degrees of Latitude on the Side thereof are juft one 
Inch in Length, then a Globe, of which that Map is a 
Part of its Surface, will be ten Feet in Diameter; for 
there will be 360 Inches in its Circumference ; becaufe 
-each Degree is one Inch in Length, and the Diameter of 
fuch a Globe being a thir4 Part, of its Circumference^ 

- 

10, 20, 30, Wr. as S I, V K, will be parallel amofjg ihemr 
felves; and therefore the Projeftion of \o^ in the Middle of 
the Hemifphere, by the Ray V K, will be R C equal to V B, 
the Sine of 10^ : But on the Side of the Hemirphcre the Pror 
je^on of 10*, by the Line S I» is no more than o A, which 
is the vcrfed Sine of 10^, and is \ti^ fmall in Comparifon of 
R C in the Middle. In this Projediopf, the Meridians are 
Ellipfes, and conftitutc the AHoIemma, or Orthographic^ Pro- 
jedion of the Sphere, oF confidcrable life in Allroqomy, and 
yvill be hereafter more fully explained. 

K 3 ivcw\7^ 
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nearly, or 120 Inches, which isUift 10 Feet: — ^There- 
fore a Map, where the Degrees of Latitude arc half an 
Inch in Length, will be the Part of the Surface of a 
Globe half fo much in Diameter, or five Feet : — If the 
Degrees in a Map are | Inch each, the Diameter of the 

Globe will be thirty Inches, On the other hand, if 

the Degrees of Latitude arc two Inches long on any 
Map, then fuch a Map is Part of the Surface of a Glol>e 
twenty Feet in Diameter, and fo in Proportion for De- 
grees of any other Length, 

Euphrof By this, I am at once convinced of the great 
Utility of particular Maps of Gountries, fince they prc- 
fent us with a juft View of the fcveral particular Parts of 
the World, as they would appear to the Eve on the Sur- 
face of fuch very Urge Globes, which it is not lUOUf 
Power to have, 

Ck^n, But befides what you have now very pertinently 
obferved, there is one confide rable Advantage accruing 
from fuch particular Maps which we could by no otheif 
Means become poflefled of : — ^I mean, that in fuch Map 
we can eafily cxprefs the true Form and Dimenfions of 
Countries, together with the Lengths of the feveral De- 
grees of Latitude in the fame Proportion as they lie on 
the Surface of the Earth itfclf, that is, on the Surface of 
a Sphtraidy and not of a Sphere or Globe ; For* as anjr 
Globe we are capable of making will be much too Cm 
to fhew that Difference which would be very fenfible \% 
Globes of 20, 30, or 40 Feet in Diameter, we ft ill en* 
joy that Advantage in Reprefentations of the particular 
Parts of fuch very large Globes, in our common Geo- 
graphical Maps of Countries, 

Eaphrsf If I underhand you right, our Maps of 
Countries fhould be taken from the Surface of a Spheroid, 
and not a Sphere ; and that the Degree's of Latitude in 
them fiiould not he prcci fejy equal, as we find them it^ 
common Maps. 

Clean. That is the Cafe. Our Maps are fuppofed to ht 
the Reprefentations of Spheres, when they might, at the 
fame Time, be as well made to reprefcnt a Spheroid of 
the fame Dimenfioni, wherein not ojily the Degrees ar« 
of an unequal Length, but likewife the Extent, Sitya- 

lion. 
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tioh, and Form of Countries are very di/Ferent, on a 
Spheroid, to what they are on a Globe. — Thus, for In- 
ibuice, the Situation of England^ on the Surface of a 
Spheroid 10 Feet, is almoft a* whole Inch nearer to the 
Equator, than it is on a Globe of the fame Diameter :— • 
Alio, a Map of 10 Degrees Extent, in the middle Parts 
of the temperate Zone, will be larger than one of 10 De* 
grees Latitude near the Equator, and lefs than another of 
10 Degrees within the polar Circle ; whereas, our com- 
mon Maps of 10 Degrees Extent, for any Part of the 
Globe, are always equal. 

Eupbrof. Such a material Point as this one would think 
would greatly excite the Curiofity of all the Critics in 
Geography j and I wonder it has as yet been fo very 
little attended to. 

Clean, It would be a Wonder with every one, as well 
as with ydurfelf, were it not confidered now great the 
Difficulty is to conquer any Thing eftablifhed by com- 
mon and univerfal Pra6iice. Our Logic extends to 

little more than this: They have ever been made foy and 
therefore they ever muff. And our very Critics themfelves 
have fo much Candour and Ingenuity as to treat every 
Thing with a fupercilious Sneer, and to reprefent as a 
Novelty, of no Importance or Ufe, whatever they have 
' not the Fortune to hit upon themfelves : However, we 
fliill always find Numbers who are candid and judicious 
enough to encourage any Invention which tends to the 
Ferfe6lion of any Art ojr Science, though there were 
nothing elfe to recommend them : It bas been largely 
ihewn^ that the Difcovery of the true Figure of the 
Earth is of this Kind, and that Geography, Navigation, 
Aftronomy, and many other Sciences, receive very great 
Improvements in many Particulars from it : And therefore 
iUcb a noble and important Difcovery ought not to be 
pmitted, .or negle^^ed in our Maps ; for which Reafon, a 
^EW Sysjem of GpoGRAPHr, for the IJfe of our 
firitijb Youth, yvhofe Maps are all formed upon a Plaij 
of the new Difcovery abovementioned, becomes abfolutely 
neceflary, if we regard either the Truth or Honour qf 
$ti%s delight^l Science of Geography. 

fiufhr9f Such a Set of Maps I (hould greatly rgoice 
i / ■ - " K 4 to 
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to ft:e *, as I have ro Notion of being fiithficd or con-r 
tented with a b;id Thing, when better may as well be 
had ; for I apprehend rhcre h no moie Expencc or Dif- 
ftc^lty nttcnding the one, thin the other. 

CI fan. There is not in the Icalt ; and you will ihortlj 

be gr^itified in rhi^ Refpett.^ There is yet one other 

Species of particuUr Maps, wliicli is quite of a ntu^ In* 
vtntim ; and as it is- a great Curiofity of this Kind, and 
no Map has been hitherto conftrudtcd on the Plan, 1 have 
bren it the Trouble of drawing one niytelf, on Purpofc 
to mikc you n. PrcfoiU of It, as 1 wiOi to have nothing* 
new or curious gi^ bcl'ide you^ or come to you at Second* 
hand. 

Euphroj. Pray, I^^t me look at it,^ It frems to be an 

elegant Defign ; and differs manffef^ly frnm the Ap- 
pearance of other Mfips ; but in fuch Particulars, as I 

cj.n Iiardlv tcl] what they arc*^ > 1 fee it is very capa- 

ciousj and takes in large Tracts of the Continent of Eu- 
r^pfj ^JiiTy and JfrL'G^ on one Side, and uf North Atm* 
rial and th** M^f/UIft^ut on the other Side, with a View 
of all the Atia^AkOaaH becween them j and yct^ methinks^ 
the Map is not large, for fuch an cxtenfivc View, 

Clf:>n, Th^re is fomevrhat very fingukr in the Con* 
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he conceived as (landing on the fame Bafes with the He^ 
znifphere, that is, on the Equator, the Surface of fuch a 
Cone would in Part lie within the Surface of the Globe; 
and then, nothing can be eafier than to fuppofe that the 
Surface of the Globe, at fo fmall a Diilance from the 
Surface of the Cone, might be very eafily projected and 
delineated upon it ; and in fuch a Cafe, the Proportion 
of the Countries, and their Bearings, Diftances, ^r. 
will be nearly the fame on the Surface of the included 
Part of the C6ne, as on that of the Globe itfelf ; and 
when fuch a geographical conic Surface is cut out, and 
expanded^ it makes the Map which you have in your 
Hands. — The principal Peculiarities of this Map are as 
follows ; 

L All the Meridians are right Lines, but converge 
towards the Vertex of the Cone, as the circular Meri- 
.dians on the Globe converge towards the Pole. 

IL The Diftances, North and South, are exa6l ; and 
any Meridian will ferve as a Scale, to meafure thefe 
Diftances by, in this Refped ; fo far as the Map extends, 
it is, indeed, as true as the Globe, on which the De- 
grees of Latitude are all equal ; but neither this, or any 
other Map, or Chart, can have the Diftances, North 
and South, fo true as thofe which are made from a Pro- 
jedion of the Spheroid, as I have before obferved to you. 

in. The Parallels of Latitude, in this Map, are all 
£qui-diftant, or truly parallel to each other, as they are 
on the Globe. 

IV. The Meridians and Parallels ihterfe6b. each other 
at right Angles, as on the Surface of the Globe. 

V. As fjjch a Cone, on which this Map is made, is 
Aippofed to pais through the Surface of the Globe in two 
PJices, the Parallels of Latitude, in thofe Places where 
the Cone interfedts the C^lobe, will be the fame in the 
Map as on the Glebe itfelf, /. e, all Diftances £aft and 
Weft may as truly be meafured upon them ; which Paral- 
lels, in the, Map before you, are thofe of 20 and 50 
Latitude. 

VI. But fince the Middle Part of the JVlap pn the 
Surface of the Cone lies within the Globe, the Meri- 
d;ans on that Part of the Globe will )>e at a greater Diftance 
than thofe Parts of the Meridians proje^ed 00 the Map, 

and, 
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and, confequently, the Paralicl of 35*^, and thofc near 
it^ will be defcient from the Globe, or give 3 lets Di- 
ftance thaji what is juft \ or any two Places on the Mid« 
dk of fuch a Map muH b« rcprefentej fomething neai^r 
together than they are upoii the Globe, if their Longi- 
tudes" be ^xz^ly cxpfciTed. 

VIL On the other hand, thofc Parallels which termf-. 
nate the Map have an Error in Excefs : Thus the Parallel 
of 10 and 60**, as they are projc£icd from Parts of the 
Globe which lie within the Cone, muft have a greattf 
Space between the Meridians than their correfponding 
Parallels on the Globe have : And thus. Places in thofc 
Parts of the Map are rcprefented at too great a Dilianc^ 
from each other, 

VIIL The quadrangular Spaces formed by the Meri- 
dians and Parallels, have their Diagonals equal to each 
other, as on the Globe itfclf ; which is a Property pecy^ 
liar to this Projection, which is not a rectilineal onc< 

IX. The Quantity of Surface reprefenied on this Map 
n cxa<ftly the fame as that of the fame Extent on the 
Globe itfclf, and therefore dilFers no more from the Truth 
of the fpheroidical Projecljon, than a Globe does from m 
Spheroid, which is the true Figure of the Earth*, 

X. As the Errors in one Part of the Map are in Ex- 
cefs, and the other in Defe£t, and the Extent of each 
nearly equal, they wilt, upon the Whole, in a great 
Meafure compenfate each other, and arc in general of the 
Icaft Quantity they can have in the Map dcftgned. 

XI. As a Thread extended from any one Place to an* 
other, on the Map, will, when the JVIap is reftored to 
its conic Surface, ft ill ppfs through the fame Points, 
therefore the fhortcft Diftance between any two Paints 
on this Map is the right Line that joins them ; and there- 
fore fuch Diftancea applied, by the Compaffes, to a grt- 

duaced 



* A$ fome of our youtig Mathematical Readers m^y be 
delirous of feeing a Demonflration of the Nature and Con-^ 
Uruftion of this Map» and the feveral Propcrues here cnu- 
jaerated, deduced there from, wc have thought proper here to 
add it by Way of Note, and to illufti-aic the fame with a pro- 
per Dia^ram^ 
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duatcd Meridian, will very nearly (hew the true Diftances 
of the Place reprcfented in Degrees, Miles, or Leagues, 
as is done by the Quadrant of Altitude on the Surface of 
the Globe itfelf, 

XIL 



The learned An- 
of this Inven* 
tioo has given as 
the Theory there* 
pf from Arcbitnties \ 
bat as we can eaiily 
derive it from our 
own Inftitutes, we 
iq>prehendthat will 
be raoft agreeable 
|o onr Readers, 
LetEMP be the 
Quadrant of a Me* 
fidian oi a Globe 
twelve Inches Dia* 
ineter; whofeCen* 
|er is C, and Pole 
P. E/, EL, the 
Latitudes of two 
Places in that Me- 
ridian ; E M their 
middle Latitude. 
Draw C M and _ 
therein find tht Q^ 
Ctntir pf Gravity 

(xj of the Arch L /, (by 1077) and thro' x draw Qj perpen- 
dicular to CM, it will interfed the Arch L / in the Points^ 
and z equidiftant on each Side from the Point M. Lafily, m 
the Line Q^/, make x R, apd x r, equal to the Arches ML 
and M /, refpeflively ; then the comical Surface generated by tbt 
right I^ine R r, ^vhile the Figure revolves about the Axis C f, 
will be equaf to the Surface of the Zone of the Globe that it de^ 
fcribedat the fame Time by the Arch L M /, (by Inft. 1085.) 

For Example^ by the Problem (Inft. 1077) wehaveCxz: 
d M if L. R 
- — -J-- , which gives this Analogy ; as. any Arch Mh is 

/• its Sine LB, fo is Radius CM to C x^ the DifioMce §/ thi 
Center of Gravity x oftvjice thai Arch, L /. 
* In this new Map, the Extent or Difference of Latitude it 
50** =: L /i therefore M L =: ^s** s: 2,61 79 Inches to a Radios 
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XI L In Ivlaps of this KIndi which arc but of fmall 
Extent in Latirude, as lo, 15, or 20°, the Errors in 
Geography wtll be extremely fmall, and may be lookoi 
upon as fufiiciendy exad for any common geographical 
Purpofcs. 

I might cn1nr<^e further on the Novelty and Pccul tan- 
tics of this Map, and fhew its Ufe likewife as a nautical 
Chart \ but as thefc Things will not immediately conccTii 
you, I fhall wave them for the prefent, as I fear I havt 
almoft tired your Patience already, by fo tedious an Ha- 
rangue, 

Euphrof You know my Propcnfity to ScJencCj and 
thePlcafurc I take in being acquainted with alf new an4 
ufcful Inventions, wU cvit render your Difcourfcs, ojj 
fuch SubiC(5ls, grateful and acceptable : And as this Map 
is not onfy fmgular in its Kind» but irkcwifc contains fo 
large a View of all the Continents of the World, an4, 
titat Part of the vaft Ocean which Engiund h more pax* 
jkularly intcrcfted in, it gives nje the high eft Pleafurc t0 
'. w "'• pcrufe 



I 



of 6 Inches (fee Infl. 385.) Alfa, th^ Sine B L of the fam* 
Arch is 2,535s Inchcj, therefore fay. 
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it. 1 here fee our Situation with rcfpecl to 

souring Nations, i.nd other Parts of the World.— 
his Britannic Majefty's Dominions in all Parts of 
'« and Jmerica : 1 furvey the Coafls, Roads, and 
s which our Fleets purfue in their deftined Depart- 
in the remoieft Parts of the World. The 

^^ jiH 18 chequered with I (lands, the Azores^ Madera^ 
J • Vird^ Canary^ the Bermudas^ the Caribbee and Baha'- 
"X. Hands ; with the African and American Coafts.— — 
"^^ort, I fhall always look on this M-p as one of the 
^^5^teft Curiofities in my Poflcflion, efpecially as it is 
?^ Improvement in that Science which of all others, 
f^Xigh the moft ufeful, has been the moft neglected by 
^^^n of Genius and Learning, as you have more than 
^*i.Cc informed me. 



DIALOGUE XV. 

Vbe various Phaenomena of the Transit of Venus 
ever the SvjUy June 6, 1761 ; together with the 
Ufes thereof in difcovering the Parallax and 
Diftance of the Sun and Planets : Exhibited and 
ilbiftrated by the Terrestrial Globe, and an 
aftronomical Diagram. 

Cleonicus, 

THE Drift of my Endeavours, in all our paft Con- 
verfatior.s, has been to cmbue your Mind with the 
Principles of Aftronomy and Geography, fo far as they 
could be fuppofed ufeful and becoming to one of your 
Sex; and my Experience has fatisfied me, that thofc 
Topics have afforded you an agreeable Amufcment and 
Plcafure. 

Euphrof Indeed, Cleonicus^ they have; and I fliali 
always reckon the Hours, fo fpent, make the happieft and 
moft pltafurable Part of my Life : — I begin to fufped^, 
by what you fay, that you arc coming to a Conclufiou of 
thofe moft entertaining Studies. 

Cleon, When they are fmifhed, others will offer equally 

agreeable; but there is, ixiy Euphrofyney one Pla'.^mnnon 

I yet 
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ytt to come, that is both of an aftronomical and g 
phical Nature : — A Phaenomenoti by hr the noble 
a!l Nature affords, and on which the greattrft Thtngt 
depend :■ — It is what I was the other Day mentioning to 
ibme Gentlemen when you was in Company^ and I ob- 
ferved you paid a more than ordinary Attention to it at 
that Time. 

Euphrof, You need fay no morc^ C/emkus i I recoil 
and Aall never forget what you told us at that Time, 
the Tranfit of Fcnus over the Siin*s Difk, — I can alTu 
you, it has been in my Thoughts almoft ever fmce ; 
there is fcarce any Thing at which I more rejoice^^ than 
the Thoughts of its being fo near at Hand, though, from 
fome Part of your Difcourfe to thofe Gentlemen, I am 
afraid o( two Things : The fir ft is, whether we may be 
permitted to enjoy fo curious a Sight, on Account of th« 
Weather I and, fecondly, whether I may be capable 
underftanding fo much of the Nature of u, as to be a 
prized of its great Ufefulnefs and Advantage to Manktn< 
©n which yoti then fo largely defcantcd, 

Clt^n* The hr^ of your r cars it is not in my Power to 
temove, we muft hope for the beft ; I am as fufl of Ap- 
prcbenfions on that Account as you yourfelf can be ; 'No 
Event to Aftronomers will be fo malignant and difaftrou 
as a cloudy Day on the 6th o( June, 1761 -^^^ Avert it^ 
Heavens ! ought to be the Prayer of all that wifh well to 
the Sciences,^ — ^But as to the other Affair, yowr Capacity 
of underftanding the CircumJbinces of this Phaenomenon 
(excepting the Mathematical Part only) is out of Dif- 
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6f which I have not the I^ft Idea i the Parallaxes of 
Vinus and the .5kw, which ^o frequently occurred in your 
Difcourfe, are what I know nothing of.^ — You told them, 
rhat the Parallax of Vmus would be difcovered hy Means 

of that Tranfit ; ^that by the Parallax of Vinusy the 

Parallax of the Sun would be difcovered ; — that the Paral- 
fexof the Bun being known, the JJiftiuicc of iJx^ Earth 

and- 
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mnil all other Planets from the Sun^ and from each other, 

would become known alfo. Thcfc are great Things, 

lis true J but as they all refuU from Parallaxes, it is at 
^refcnt dl parallatical Myftcry to me. 

CUon. You feem to be much gravelled with the Word 

aratlax, my Euphrdym j I own, it is Gruk^ and ha^ a 

axih Sound : But this is not the only Grftk Word that 

as a harOi Sound, and an eafy Signification ^ for the 

Idea it conveys is as fimple and as eafy as any Word can 

i&blyhave: — It means nothing more than the Dif- 

rencc of Place in which anjr 1 hing will appear when 

Icen from two different Pofitions of the Eye, as will be 

fy to illuflrate by Example. — I take this Candle and fee 

on a Tabic again ft the Wainfcot, on the other Side of 

he Room i^—— Then, as you fit on that Side the Firc^ 

place, and 1 on this, if we both look at the Candle at 

the fame Time, we each of us fee it in a different Place^ 

or on different Parts of the Wainfcot ; for the Place here 

meant is not the real Place of the Candle, but that on 

which it appears on a Plane, placed on one Side or the 

other : — and thus you may concei\T, li an Eye was 

laced in the Center of the Earthy and another on the 

urfacc, and both together were to view the Planet Fenus 

as ihe paUcs over the Sun^ then the Face of the Sun is 

to be confidered as a Plane placed beyond the Plajiet, 

and on which the Planet will appear in two different 

Parts, as viewed by the Eye \n two different Politions, 

vi%* the Center and Surface; and thii Difference of 

lace is what we call the ParaUax of that Planet. But 

is will be much eaficr to conceive from a Diagram, iji 

which you will, by and by, fee this whole Affair reprc- 

rented. — Atprefent, your Bufinefs muff be to famifiariie 

is Phaenomenon to your Mindj by a ReprefentatioR 

j|hereof, under all its various Circumilances, by Means 

of the terreftrial G.tobe^ in which you will Hnd no Sort 

of Diiicuity, 

Euphr&f You will firft put me in a Method how 1 

muft go about it) for without fome previous Inftru^ion, 

jiotwithftanding all you have faid concerning the Ofe of 

he Globe, it will ffiH remain ufeiefi to mc in tbte 

Particular. 
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Ckon. What you now h-j proceeds only from your n(5C 
confulermg one Thing, viz. that the Subject, or Tran- 
fit of Finus^ is on the F^ce of the Eun^ and, ccnfcqucntljr, 
that you have little more to do than to pra^life thofe Pftf- 
blcms over again which require you to find all thofe 
Parts of the Earth where the Sun is vifible in the Mm» 
dian, or in the Horizon, as RiJing or Setting, on an^ 
given Y)'<iy or Hour, 

Euphr&f By what you now fay, I fuppofe the firft 
Thing I have to do is to find the SurC^ Place in the 
Ecliptic for 7w'J^ ^> 1761 : But to what Hours of that 
Day is the Problem limited I 

Citan, The Moments of the Heginntng and End of tht 
Tranfit are the principal Times to be regarded, and all 
the Time between them, of Courfe : — Tliefe Moments, 
according to the fagacious Dr, Haiiffs. Account, are 2+' 
after two o' Clock in the Morning for the Beginninf, 
and End at 29' after IX in the Forencon, t, r. FtntH 
wtil be fecn a round black Spot in the Face of the Suft^ 
touching the caft and wcrt Ltmh thereof at thofe Mo* 
ments, juft in the Manin^r you fee here reprefentcd tft 

this Print, of which more by and by. But to return 

to the Globe : As the Tranfit begins at the Time ipe^ 
cified, the firft Thing you have to do will be to iind all 
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Jnmlca, deprived of this glorious Sight, the Ingrefs of 
Venus upw the filar Difi^ and amongft them is the lliand 
€>f Great-Britain, % 

Cleon. So far you have performed very well, my Euphro- 
fme \ but with regard to this Traniit, it is a material 
Point to know in what Parts of the Earth the Ingrefs or 
Beginning of the Tranfit is vifiblc at Sun-riiing and Sun- 
fetting. 

Ei^hrcf This is feen in the fame Pofition of the Globe j 
fat all thofe who are in the weftern Horizon of the Globe 
obierve the Sun riiine, with the Planet Venus juft enter- 
ing upon its Di(k : Such are all the Inhabitants of the 
midland Parts of Sweden^ Mufcovy in Eurepey Afia Minor^ 
and Arahia, — And thofe to whom the Tranfit begins at 
Sun-fet are fuch as lie under the eaftern Edge of the 
Horizon, fuch are all the Parts of New Britain^ New 
iVaUsy and the more weftern Parts of North America, 

Cleon. Very good, Sifter, — you will particularly ob- 
fcrvc, that Hu^n's Bay is among the Number '(^thofe 
Jaft mentioned Places, and efpeciall^ Port Ne/fin at the 
Mouth of York River, as it has a little Elevation aboye 
the Horizon, and therefore will fee the Beginning of the 
Tranfit about } of an Hour before Sun(et : The Reafon 

why I obferve this, you will fee by and by. You 

will next let me fee all the Parts of the Earth where the 
-Middle of the Tranfit will be vifible, which happens at 
55^ paft five in the Morning with us. 

Euphrof For this I have nothing more to do than only 
to bring London to the Meridian, and placing the hour 
Index to the given Time ; then by revolving the GFobe 
till it points to Xn at Noon, I view all the Parts of the 
-lEaith where the middle Moment of the Traniit will be 
•vifiUe, which will be in all Europe^ Ma^ the ereatefl 
Part of Africa^ but fcarcely in any Fart of America^ 
unlefs Jameses Ifl^ and Greenland ht reckoned fuch. ■ ■ 
It is ^ther evident, that all thcfe Places that are in the 
weftern Horizon, viz. the weftern Parts of Africa^ fee 
the Sun-riftng with Venus half Way advanced in her Path 

over his Difk : ^But in the eaftern Horizon there h n^ 

Land, and confequently none to obferve this Put of th^ 
Ph^cnomenon at Sun-fet, but fuch as are Jailing on the 
Ocean there. 

Vol. IL L 
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CJi'on. All this is fo far v^y well, mjr Euphn^fym^ 
but there is one Thing farther to be obfcrved, while the 
Globe remains in this Pofuioti, and that is, you arc to 
takie particular Notice of thofe Places which lie under the 
Meridian at the fame Timc^ and confcquently fee the 
Middle of the Tranfit at XII o'Clock, and amougft them, 
to obfcrvc that Place more vlpecIaJiy to whom ihe Sun 
is then vertiraK 

Euphrpf The Places which lie under the Meridian are 
all I he midliind Farts of Ajm from Nava Ztmbk to tbf 
FtJjl Intim, and thofe whofc Latitude is equal to the Sua's 
Declination, vi%. 22^ 30", mu ft have the Sun vertically 
over their Htiidst which I fee ia a Place I have heard 
much ulkcd of, the eafttrn Parts of the Kingdom af ^^- 
gai>, near the Mouihof the River Ganges, 

Clem* This Particular you will btar in Mind for a lifW 

Minutes. ^You will, in the hft Place, Ihcw all thofe 

Places of the Earth where the Traiifu ends at Sun-nijjigt 
at Xli o'clock, and at Sun-fct. 

Euphr&f. The End of the Tranfit, if I remember rig^C; 

you told me was half on Hour after JX^ therefore 1 

bring London to the Meridian, 3nd pbcc the Index to the 
given Time, then turning the Globe about ti 1 the Index 
)oints to XII, and cafting my Kyc on the weflcrn Hofi^ 
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ration of the Tranfit, as it may be obferved from different 
Parts of the Earth's Surface. — But in order to this, it 
will be neceflary you fhould be advertifcd of one Thing, 
and that is, that when we behold any Body in Motioiiy 
the Celerity, or Quicknefs of the Motion will be diffe- 
rent, according to the Circumflancesofourown Situation, 
in regard to Reft or Motion: For, (i.) If we our* 
felves are at Reft, we fee the Body move with its true, or 
real Celerity of Motion. (2.) But if we ourfelves move, 
and the fame Way with the Obje£^, its Motion, or Ce- 
lerity will appear to us to be lefs, or flower than it really 
is. (3.) If we move the contrary Way to the Obje£l, 
it will appear to move much quicker, or with a greater 
Celerity of Motion than it really has. 

Ettphrof. This laft Obfervation I remember to have 
often feen verified in a Stage- Coach j for as I have been 
going to, or coming from Town, the Coaches which we 
have met on the Road have always appeared to pafs by us 
with a Motion much fwiftcr than we were well afTured 

they really had. As to the firft Obfervation, it is 

evident to common Senfe ; but the fecond requires 

fome Attention, though not a great deal, when I con- 
fider that oftentimes going upon the Thames in a Boat, I 
have obferved the Boats that we meet always appear, like 
the Coaches, to pafs by us with a Motion much greater 
than our own ; but thofc which we overtake appear to 
move as much flower. 

Cleon. I imagine you would eafily recolle<El how com- 
monly thofe Pofitions are verified by Experience; and 
you will, at the fame Time, make this natural Inference, 
that the fwifter any Motion is, the lefs Time will be 
fpent in paffing over any given Space, and the flower the 
.Motion, a longer Time will be required. 

Euphrof, This alfo is too plain to admit of any Hefi- 
tation 5 but what is all this to the Tranfit of Venus ? 

CUon, Thefe Things rightly confidered, are fo much 
to our Purpofe, that they contain the whole Rationale of 
that great Phenomenon. 

For (i.) If an Eye be placed at the Center of the 

Earth, Tor any where on its Surface without Motion) 

then it is plain, if it views the Planet paifing before the 

Diik of the Sun, it will fee it move with its proper, or 

L 2 real 
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red Velocity of Motion, foas to tranfit the Diflc in about 

Jtven Hmn and Twenty AfinaUs: But (a.) If the 

Eye be placed ofi the Surfdcc of the E^th, confLdercd in 
Motion, then it is plain, that while the Globe moves on 
its Axes, fhofc Parts of its Surface which pafs under the 
fouthcrn Part of the Meridian moves in a contrary Dkc&ion 
to thofe which pafs under the northern Part, with refpe 
to any particular Point, or moving Body at a Diftance 
the Heavens : Thus in the Time of the Tranfit, yo 
fee on the tt^rreftrtal Globe, that all the Part of AraMa 
mid the hidlei move under the fouth Meridian from Wcfl 
lo EaU, and thofe in Narth Ammca at the fame Time 
jnove (with refpe<Et to Vmut upon the Sun) in a contrary 
J)trc£lion, Wk, from Eait to Wc(t, under the northern 

Fart of the Meridian. And therefore (3.) it ia 

plain, that fmce the Motion of Vmm is from Eaft to 
Weft upon the Sun, the Inhabitant:* of the IndUs^ who 
move in ^ contrary I>ire£tion, will view the Planet 
j^oving with a fwjftcr Motion over the Sun than it really 
^as ; fo that the lime of the Tranfit to them will be 
fliortcr than before, ^/z. it will continue aboutyH'^w Hmrs 
nme Mh*uUi: — But as the Inhabitants oi Karth Jmenca^ 
about Hudfins Eay^ move the fame Way with the Planet^^ 
fhe Will appear O them to move Ilower, and therefore willV 
be a longer TJme in pafling over the Ditk, u/z. iibout 
fiVintiin H§un tu/ffity-Jlx Minutes, 

Euphrof* Wcl!, one would not imagine that the Nature 
and Theory of fuch important DoiS!rijies depend on fui 
"irivial Obfervations -as you mentioiKd \ but 1 amthorougli 

ly fatlsficd now of their NccefEty and U.ilJty.^ -Bu 

why does Dr. Halley delegate us to thofc dillant Kegi 
for vlcwiiig this Phaen omen on j cannot the Phil ofop hers 
do it as well at kome as abroad ? T'bofe Climates arc vefjr 
different ia their Nature, and may neither of them M 
agreeable to BngU/b C on ft j tut ions , belides the Dangov 
Difficulty, and Ex pence attending long; Vo)^gcs* 

Ckun. There are Reafons enough ?or his domg this, 
my Eu^hri^jytit j the ( 1 ft) is, that fuch Places ought to 
be chofe fcr the Obfervatioiij where the Begimiog and 
End of the Tranfit can be feen ; but the Beginning can- 
not be fet'H \\\ any Piiit of Gnai Brhmn. -- '—■ For once 
more t^iJi the Glgbeaboutj to view thofc PUccs whr^ 
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iSie Beginning is viflble, and you will fee the northern* 
moft Parts of Scotlandy the Orkney Ifles, and even Shitland 
itfelf, all below the Horizon at that Time. 

Eufkrof, I fee they are ; but how then sun I to under- 
f(and the Do6ior, when he fays» Perhaps the Ingrefs may 
be feen at Sun-rifing by that very People )jfh'Q f npw ^ 
arc below the Horizon at that Tunc ? 

CUw. I confefs, I know not how to jBen/wer youf 
Query, unlefs the Do£br fuppofes the Refra£iion of the 
Atmofphere is fufficient to elevate the Sun to their View^ 
before it be ^eally rifen. 

Eupbrof The Rcfon which you have given is very 
iufEcient for going to fome one Place to obferve the 
Trandt ; but why is any one Place, for Infiance, Bengal^ 
more eligible than sinpther ? 

Clion, The Do^or does not recommend B^nfol^ a| 
more proper for the Obfervatioa than any other Puicc in 
the Eafi Indtest but he mentions that 10 particular, a^ 
being an Engltjb Fa£torjj and that particular ^parl of the 
Eartii's Surface over which the Sun will be vertical at the 
Time of the Middle of the Traniit : He reprefents It as a^ 
indifFerent Matter, whether the Qbfervation b^ made aft 
Bingaly or Fort St. Gtorgiy commonly called Madras^ 
€>r at BetuooUn^ on the weftcrn Coaft of the Ifland of Su" 
matra^ near the Equator : He-alfo recommends Ppnds-' 
Aerry^ on the wcllern Coaft of the Qulfb of Ganga^ totha 
French ; and Bat4n)ia^ the famous Emporium in the Idani 
yiViT, totheJ)«/ri&, as being very proper Places for ob- 
icrvin^ tbeTranlit, by the People refiding there; and 
there is very good Reaibn for making as many Obferr 
nations as poffible, in the ievend Parts of the India^ and 
jis near the Equafor as may be; becaufe they will be there 
farther from the Earth's Axis, and obferve the Traaiij^ 
to the greateil Advantage that can be, on that account, 

Eufbrof, If thofe Parts are fo advantageous, which are 
near the Equator, why then are not both die Obferva* 
tions to be made thcrci and fo make one Trouble ferve for 
all? 

C/««. You will cafiiy fee the Realon why that cannot 
be, by cafting your Eye on the Globe ? for if you now 
jre<^ify it as you did before, for the Beginning of the 
^ranOt, you will find that the nodurnal Obfervation, 

L 3 or 
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or that which is to be made at San-fet* impoffiblc in any 
Icfs Latitudes than 23*^ North, and thete only In the 
fouthLHi Parts of CaUfirniay there being nothing bur 
the great 5c;<r/T /f(/ in all the Equator that can fee the 
Sefing-fuii '. feefidcs, fuppofe there was ever fo fair an 
Opportunity of viewing the Tranfit at Sun-fct, it would 
anf'wer no Purpofc, becaufe it muft ncceffarily be over 
before Sun-rifing, the Length of the Ni^ht in all thofe 
Parts being much greater than the longcft Duration of the 
Tranfit, 

^uphrof. You have thoroughly convinced and fatisfied 
me in that Particular j I plainly fee the Latitude for the 
fecond Obfervatiori muft be fuch, where the Length of 
the Night is fliorter than the Duration of the Tranfit; 
and as ihe Globe is now rectified, I can plainlj'^ fee that 
among all the Places in Ndrth Amtrkoy in the caftern 
Part of the Horizon, the firlt that offers itfcif for viewing 
the Tranfit at Sun-fct is that which you mention'd, 
juft noWj vl-L, Psrt Nelf^jt^ at the Entrance oiT^ k River, 
al! otht^r Parts, or Places, being inacceiTible to us ; and, 
indeed, that is the firft Place that will circulate below 
the Horizon* and rife again above it on the weflcrn Side 
before the Tranfit ends, and confequently will be the 
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Axis of the Earth will fee the Tranfit of equaJ Duration ; 
an^ therefore, to an Eye placed at the Center, or upon 
the Surface at either Pole, the Appearance will be the 
fame in regard to Tifne, and this will lead us from the 
Globe to the Diagram, which I have prQvi({e4 fo^ ^ 
farther Explanation of the Particulars of thisPh^snQmp' 
non, as they are to be aflronomically confidered. 

Euphrof, I cannot but think myfelf greatly obliged tQ 
you for your Care, in contriving every Way to facilitate 

the Knowledge of this uncommon Affair. As to the 

Diagram, I can readily perceive at Erft View the Defigii 
of a great Part of it : Thus I obferve y/, 5, C, reprefents 
one half of the Sun, the Center of which is C, and the 

Diameter A E. 1 imagine alfo, that the two black 

Circles on each Side of the Sun at Y and Z, reprefent the 
Planet juft within the Sun*s D ilk in thofe Places i and 
further, that YDZ is the Path, or Track oi Venus over the 

Difk ; Alfo, that G, H, is a Part of the Orbit of 

Venus^ and that Planet in two Pofitions at P and X.— — — 
And, laftly, I fuppofe that the Circles A F E G, and 
ethers within it, may reprefent the Earth, Am I fo far 
right, Cleonicus? 

Clean, You are, my Euphrofyne^ the great Circle you 
menticn is the Equator, the next Circle B I D H is the 
parallel of 22^ 30' Latitude, anfwering to the Bay of 
Bengal j the inmolt, or leffcr Circle cd ef is the Parallel 
of 56^, anfwering to Port Nelfon in Hudfon's Bay ; and 
C is the Center of the Earth, or Pole of the Equator^ 
which you pleafe. 

Euphrof, But what is the Ufe of all thbfc Lines drawn 
from the Earth to the dark Planet on the Sun ? 

Clion, Thefe I (ball point out to you in Order; and 
firfl-, fuppofe an Eye was placed in the Center of the 
£anh in C, to view the Planet as it pafles along in its 
Orbit from P towards X. It is evident, when the Planet 
arrives to the Point S, it would be feen jufl within the Sui) 
by the Ray of Light C S Y ; and when it has advanced 
to the Point V, it will then be fcen to touch the Edge of 
the Sun on the other Side, by the Ray C V Z \ fo that 
while the Planet defcribes that Part of its Orbit between 
$ and V, it will appear, to an Eye at C, to pafs over thQ 
Difk of the Sun from Y to Z, 
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Euphr^f, So far I appreKentI you extremely we)t \ * 
but, pray, what Time paffcs between the Beginning at 
Y, and the End of the Tratnfit at Z, as viewed from the 
Earth's Center at C ? 

Cltm. You have been long, cr« now, tnilru£^ed in 

the Meafures of Altronomy ; you know the Di* 

ameier of the Sun is, at a Mean, a litElc more thiin half 
a Decree j but at the Time of the Tranfit, it will be v«y 
nearly 32' of a Degree ; And therefore, fuppofing that 
the Diamctrr A E be divided into thirty- two eijijal Partt* 
the Planet will appear to pafs over four of rhcm in an 
Hour, u e. her horary Motion is after the Rate of four 
Minutes an Hour ; and therefore, in paiTmg from Y to 
'Zj the Time fpent will be equal to about fcven Hour* and 
twenty Minutes \ fuch will be the Time of the Tranfil, 
to an Eye at the Center C. In this Time aSpcdlutor at 
the Equator will, by the diurnal Motion oi the Eaitli^ 
be carried through 1 10^ of Longitude, equal to the Arcll 
KFL. 

Euphref. Very gof»d, Ch&nicus^ I under ft and yod | 
but now let me view the Tranfit from Bengal^ In your Di- 
agram. 

Ckon^ That you fhall do* and for tbis' Ptirpofc yvMi 
iTiuft fuppbfe your Eve to be placed in the Point crftlw 
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tion to that of the Planet from Y to Z, and therefor^ 
mufib caufe her apparent Motion to ,be quicker, in the 
Manner you have now explained. 

CUm, As you cannot underftand thefe Things too 
well, I (hall exemplify it otherwife by the paralladc 
Angle, in a Cafe fimilar to that of the Candle on tho 
Table, which I before mentioned to you : ■ Thus, 
fuppofe a Plane was placed beyond the Planet's Orbit in 
the Line r iy then when the Planet is at S, it will be 
feen on that Plane at v by an Eye at C ; but to an Eye 
placed at b^ the Planet would appear on the faid Plane at 
I, by the Ray ^ S ^: So that the Planet m the fame Point 
S will be feen in two different Parts of that Plane, by the 
Eye in thefe two different Pofitjons ; all which is occa- 
(loned, you fee, by the Diflance of the two Points C and 
l> *y and the Angle C S ^, or / S ^;, is what the Aftrono- 
mers call the parallatic Angle, or that Angle which 
makes the apparent Differtnct if the Planefi Place: — 
From whence it is evident, that the lefs the Diflance C h 
from the Earth's Axis is, the \c(s will be the parallatic 
Angle, and confequently in the Pole, where it vaniihes, 
there will be no Parallax at all, as I obferved to yoa 
before. 

Euphrof, I partly fee the Reafon of ^1 that you now 
fay ; and farther, if the Plane r / be taken away at the 
fame Time that the Planet appears upon the Sun at Y, 
to an Eye at C, it will appear at a Diftance from the 
San eaflward at w^ to an Eye at *, by the, Ray h S w.-J— 
And laftly, that as we go nearer to the Equator, the 
P'.flance C b will be greater, and therefore will occaiion 
a greater Difterence in the Place of the Planet, ajid Time 
pf its Tranfit, and confequently will to much the better 

anfwcr your Purpofe. But now for the Appearance 

^t Port Nelfon^ Cleonicus, 

Cleen. As your Motion is now to be confidcred in the 
fame Dirediion with the Planet, you mufl conceive your 
Eye to be placed on the eaflern Side of the Globe at c 
in the Diagram, to view the Ingrefs of the Planet at Y, 

which, it is evident, will appear by the Ray c R Y. . 

After this the Eye will be carried, by the Motion of the 
jGlobe, by the northern Part of the Meridian round to </, 
Inhere it will view the End of the Tranfit at Z> b^ the 

Ray 
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Kay i W Z, and conlequently the Time of ihe Xranj 
at this Place wiH be all that Js fpcnt while the V\\ 
dcfcribcs the Arch R W {greater than S V,) which 
be about ftfven Hours and twenty-feven Minutes ne^li 
and is therefore longer than the Time of the TranGt 
Bmgal^ Sill which is occafmned by the Diflance of th( 
Pomts h and 'c from the Earth's Axis, and the contrary 
Dire(5tions in which they are moved. 

Euphrof, I fee nothing difficult to under ft and in all 
ihis ; but how is this Difference in Times of the Tranfit 
applied, to finding the Parallax and Diftanceof the Sun ? 

CUun, Very eafily, by a Procefs in Trigonometry, as 
it requires nothing more than common Skill in the boc- 
trine of plain Triandes: But as you have not yet learnei 
any Part of the Mathematic;;, I ihall not pretend to 
trouble you with that Affair now j you will find it not 
difficult to underlland hereafter. 

Euphrof. I fliall gladly take another Opportunity of 
talking with you firther on this Subjcdi \ for though I 
have the Satisfa<5iion to underftand the general Ratienak 
of this important Subje^, from what you huve now faid, 
I am fatisfie.l it requires ftill farther ReHeftion, and fome 
mathematical Inftruftion, to undtrfland it fo compleatly 
as 1 could wifli ; for the acquiring of which^ I ihall be 
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DIALOGUE XVI. 

^he Description of a new Solar Apparatus, 
adapted to the reflefting Telescope, for fhewing 
the Transit of Venus over the SuN'i Disk^ 
without darkening the Room. 

Euphrofyne, 

I HAVE ever fince been mindful of your PromKc, to 
entertain me with the Manner of exhibiting this cu- 
rious and rare Phaenomenon, by a new Apparatus ap- 
plied to the refle«Sling Telefcope. I hope this Morning 
will favour the Defign, as the Heavens arc clear and 
ferene, and the Sun ihines forth with its ufual Splendour 
and Glory. 

Cleon. We could not have wifhed for a finer Day than 
this is like to prove. — The Telefcope I have chofe for this 
Purpofe is of the reflecting Sort, as it is moft convenient 
to ufe for this Purpofe, by Means of its Foot or Stand;^ 
the Conftruftion of which is alfo different from the com- 
mon Sort, and is thereby rendered more convenient for 
the Application and Ufe of this new Apparatus. 

Euphrof I am not much acquainted with the Stru£turc 
of thofe Inftruments ; but I plainly fee a Difference be- 
tween this and that which ftands in my Father's Study, 
which I have often ufed to view diftant Objects, and iri 
which you have ihewn mc, before now, the Spots on the 
Sun's Face. 

Ckon, That is a very good refle£ling Telefcope of the 
common Form ; but this Telefcope, which I (hall now 
make ufe of, is much preferable for all the common Pur- 
pofes of a Telefcope in general, and it has many peculiar 
'Advantages above the other, and of which they are not 
capable, as you will hereafter be fully fenfible of, when 
we come to treat of the Nature and Ufe of this Inftrument 
more diredtly. 

Euphrof. I obfcrvc this Telefcope confiffs of two brafs 
Tubes, and that the interior one is made to move back^ 
irard and forward, by Means of a fmall Piece of Racl^- 

worjc 
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work on the Side of the outer one : TbU, I prdutae,^ 
an Twer s the famePurpofe as the long Wire on the Side of 
the common refle^ing Tclefcopc, which wc turn <^n« 
Way or the other, for adjuiltng the I n fir u men t to a pfojicf 
Focus in vicu'ing Objcdts* 

Cinrt. That ts the Defign of it in general j but thh 
Coniiru^bn, as I fa id before, h much better adapted to 
our prefent Furpofe, on other Accounts, th^n a Refle^or 
of thccommon Form^ though that will do very well. 

Muphrof, But what, and where is the new Apparaiui 
you fpcalt of? 

CUm. I have not yet applied it to the TeJefeope, as I 
intend to ftiew you the feveral Parts of it in the firft 
i*lace : ■ It Is of a very fimpk Form* as it confifts but 
of a few Parts, which I ihall now proceed to defcfibc.— 
(i)* I take oft' the common Eye-piece of the Tckfcope, 
and fcrew on another tn its Room, of a ihortcr or Iclftf 
Size, (2}, I have adapted the common Candle Scrccnj 
made of black Silk, and which » in the ufual Manneri 
expands itfelf into a circular Form, to the End of the 
Tclcfcope, where you obferve it is cafUy fattened oiw 
(3). This fquare Piece of Brafs, which is about fix 
Inches and a half long, is fcrcwcd on to a Piece Exe4 
upon the under Part of the Tclefcjpc. (4), Into th^f 
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Euphn/l You will pleafe to put th^n- tonether, ui4 
then I Aall have a more complete Idea of the Nature and 
DefigD of the Whole. 

CU^m. This I (hall inftantly do : — Firft, I apply dm 
Screen to the End of the Telefcope j — then I fcrew 4Mi 
the perpendicular Piece of Brafs ; ' ■ ■ into this I fix the 
horizontal Piece, — then I apply the Socket to No, 12, 
tnd there fcrew it foft ; ■■ after this, I apply this cir- 
cular Screen to the upright Wires : — And then, laftly, 
I fcrew into the End of the Telefcope the Brafs Piece, 
containing the Magnifiers ■ and thus the Whole is 
Utted for Ufe. 

Ettpbrof. I fee the Deftgn of it is to form the Diik, or 
Face of the Sun, upon that circular Paper Screen ; — bttQ 
is not the Room to be darkened for this Purpofe ? 

Clion. No J the black Screen fupercedes the Neceffity 
of that troubleibme and inconvenient Circumilai>ee : 
You will by Mean^ of thi^ Apparatus, in the moft 
lightfbme Room, have the Pleafure of viewing the Face 
of the Sun, and every Thing that may appear in or 
tipon it, with as much P]eafure> and almoft a» i^iieOXy 
at in the Camera Ohfiufa itfelf. 

Eupbref, If this b& the Cafe, it muft render the Oppoy* 
tunity of viewing the Tranfit of Vmus extremely cafy 
and agreeable, in every Place where they ihall be favoured 
with a Snn-(hiny Morning, like this. 

Clew. And that this is the Cafe really 1 ihall foon 
convince you by an Experiment or two with this Appa- 
ratus, and that in a different Way or Manner from any 
Thing that has hitherto been fhewn of the like Kind : 
For all Objects that have been ufuaDy magnified in the 
iblar Microfcope, are reprefented in a Beam of the Sun's 
Light, very much dilated upon the Side of a Room or 
Screen ; but here you will fee Objeds reprefented on 
the real Face, or the Diik of the Sun itfelf > fo that 
by this Means we might properly make the bright mag- 
nified folar Difh the real Screen for ihewing ObjeSs 
upon \ by which Means they will become vsoUy more 
irlvid and diflinifl in all their Parts, and will make a much 
richer Appearance. ■ > In order to fatisfy you of what 
I now fay, I fhall, in the di^ Place, (hew you the Face 
of the Sun upon the Screen^ in various Degrees of Mag- 

nitude^ 
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nitude, according to the Diilance of the Screen from 
the magnifying Glafs, and you will always know the 
Diameter of the magnified Image of the Sun by the 
Number of Inches to which the Screen is placed on the 
Scale. 

: EuphrcJ, That is, I fuppofe, if the Screen be placed 
at N." 2, then. will the Sun's Image be two Inches ia 
Diameter ; if atN^ 6, it will be fix Inches in Diameter j 
and if the Screen be placed at N^. 12, then will the folar 
Diik be 12 Inches, or juil fill the graduated Circle. 
. CUan. 1 perceive you have a very clear Notion of this 
Matter, and therefore {hall preface no more concerning 
it« but {hall proceed, in the fir{l: Place, to {hew you the 
fi>lar Difk, with the Spots upon it, if any ; and accor- 
dingly, firil, I fix the Screen at N®. i, and 

then directing the Telefcope to the Sun, I turn 
the Pinion on the Side of the Telefcope till I make the 
Sun's Face appear very diflindl:, and well defined on the 
Surfiice of the Screen, where it appears fmall indeed, 
as being now but one Inch in Diameter. 

Euphrof. Well, it is very curious to fee the little Sun 

{0 very di{lin(5l : 1 really can fee two or three fmall 

Spots upon its Surface. 

Cleon, 'Ihofc Spots arc not fmall, but laree, as you 
will fee when I move the Screen backward to N'^, 4 :— 
For now turning the Pinion, the Sun's Image appears very 
diftin(5l, and juli four Inches in Diameter, and the Spots 

appear now in Proportion larger and plainer. 1 

remove the Screen to N*'. 8, there the Sun's Face is 

enlarged to eight Inches in Diameter. Laftly, I 

place it at N*^. 12, and by adjultng the Telefcope, you 
there fee the noblo Appearance which the Difk of the 
Sun makes on the Screen, and juli fills the graduated 
Circle drawn upon it. 

Euphrof, A j;Iorious Sight indeed, ?.nd the Spots now 

appear to grc.it Advantage. I'his Method of viewing 

them is greatly preferable to that of poring thro* the 
Telefcope itfcif at the Sun. 

Clton, As ihc Sun'i Face and Sj)ots ?re fo eafily and fo 
diftin£tly obfcrved, you will readily niulerlland that the 
Planet Venus^ in tranfiting the Sun's Dilk, will be as di- 
ftindlly repicfcnlcd and vicwcd. 
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Eu^nf* I can cafily apprehend ihe will ; for when the 
Diik of tne Sun itfelf is perfe«^ly formed, the Planet Venus^ 
as well as the folar Macula^ muft alfo be delineated in 
the lame Degree of Perfection, by that exquiflte Inftru- 
ment. 

CUm* It will not be difagreeable to you, if I illuftrate 
this by an artificial Reprefentation of this famous Tran- 

•fit : For which Purpofe you muft provide me with 

four of the fmalleft black Patches you can get. 

Eufbrcf. Thefe I have at Hand, and will this Inftant 

go for them : Thefe are the fmalleft 1 have, will 

they anfwer the Purpofe ? 

C/rvif. They will do very well ; 1 have here an 

Ivory Slider, with a round Piece of Talk, on which I 
have drawn two Diameters, and likewife the Path of 
Vaus^ at each End of which I flick a Patch, and place 
the other two in the faid Path, fo that they may rcprcfenC 
four Pofitions of that Planet on the Difkofthe Sun, 

formed upon the Screen as before. 1 put the Slider 

in its Groove, and then, by turning the Screw, you fee 
thofe Patches gradually come to a perfc£l Form on the 

Face of the Sun : They appear very black, round, 

and nearly in Proportion, as Fenus hcrfdf will be fcen in 
'Comp^rifon of the Sun. 

Eufbrof, This is very natural indeed, as well as arti- 
ficial. ^I fee Fenus now at her Ingrefs and Egrefs, 

in the fame Manner as fhc is delineated on the Print of 
the Tranfit of large; and fince this artificial Reprefenta- 
tion is fo perfe<El, it will in a gieat Meafure fupply the 
Deficiency of the natural Tranlit, if the Weather fhou Id 
prevent our Enjoyment of that moft defirablc Sight. 

Cieon, A Sight, that mortal Eyes never more than once 
beheld I The famous Jeremiah Horrox^ who lived at 
Hoili in Lancajhirc^ by his great Skill in Aftronomy, 
forefaw and predicted the Tranfit of Fenus over the Sun, 
November 24, in 1639. He gave Notice of this to his 
Friend Mr. Crahtree, who attended him at the Time, and 
they both together in a darkened Room, where the Sun's 
Image was formed at large on a Screen, faw ^r/wj juft at 
nineteen Minutes after three o'Clock in the Afternoon 
enter the Dilkj but the Sun fetting before the Trunfit 
was compleated, prevented their having an entire V^iew 

of 
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of it» Co that this next Tranfit wilJ be the iirft thdC wntt 
aifford a View oi the Phaenomenoti compleat* 

Buphraf* I fhould aim oft envy thole Gentjemen the 
partial View they had, were not ours likely to be m«w^ 
compleat ; for an entire View even at this next Tranfit, 
will be iinpo^ble, I ftnd, to the Inhabitants of Grmt 

Britain :- But fince the peritxltcal Time of ^mu^^ 

Revolution about the Sun is fo Ihort, I think it i* a 
Wonder that we do not oftener obiervc her to tranfit the 
Sun's Difk. 

Ckm, If you were very attentively to confider 
Laws pf the planetary Motions, the Wonder would U 
ceafe* But I muft refer an Explanation of this Mata 

to a future O pport u n i ty , ■ -^ 1 have informed you 

every Thing I think neceflfary, relating to this Subj«df' 

for the prefent : The further Ufc of thft AppanCttf^ 

for magnifying Objcda in the Nature of a folar Microfcopc* 
I flisll explain to you at another Seafon, which will be 
very fliortly ; As our next Subje*5ts of phllofophte&l 
Converfation will be chofeof the Defcript;on» and prac- 
tical Ufes of the feveral Kinds of Micfofcopes, Tetefcopo, 
and other optica! Inftrunients, which, 1 doubt not, w'ld 
afford you as great Plea lure and Improvements as thejr 
havcdoae tg myfelf for rnanv Years oaft 
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PART V. 

CokTAINXNG 

A Practical Treatise oii the Ufe of 
Optical Instruments. 



DIALOGUE I. 

O^f the NaturCi ConjiruBion^ and Ufe of ^liioiz 
Microscopes. 



Eupfjrofyne, 

I.tlAVE fpent all the Time I could cojfivehiently 
fpare, in fookiftg over thofe Tradis which you re- 
commended to my Perufal, preparatory to my uri* 
derftanding the Conftruftion and Ufe of Optical In- 
Aruments. The Nature and Ufe of Optical Glafles are 
io familiarly delcribed^ and explained by Figures, that I 
was at no Lofs in verifying their feveral Propfefties bjf 
Experiments, which I made with the feveral Lenfes and 

Mirrors you lent me for that Purpofe. 1 can now 

£ake any fingle Lens or Speculum, and therewith form 

t|ie Image of any given Objeft at Pleafure. 1 ob- 

fcrve their various Magnitudes, in Proportion to the focal 

ibiftances of the Glailes ; 1 fee the inverted Pofi- 

|;lonof eacfh on the Paper; and if I fix the Glafs, 

i make all thofe Images greater or lefs, by removing the 

Obje<fi nearer ib; 6i farther from it.— — 1 obfervc; witK 

Vol. II, M great 
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great Pkafure, what I think we may properly call ^ 
very Life or Soul of the Pi(5iure; I inran the n^tttnl 
Mt^tiens and C&kyrj of every Fart, the firft of which i» 
Paintings can pretend to, and the latter they but faintly 

imitate. 1 delight myfelf fo rauch with thefc phi* 

lofophicaJ Entertainments J that 1 wonder very much bo* 
§o many of my S^x can be fo eafy and fatiancd^ withoia 
iharing with me in the Felicity which thofc Semtments 
ftfford, arifing from fuch an experi mental Speculatioa e£ 
the Sciences. 

Clioft, It is principally for want of fuch Speculations 
being txperimtntal^ that fo many People appear m different 
about them. Matters of mere Theory are gen ci ally dry 
and jejune to any but thofe who have a particular Tiro? 
lor the Subjefl ; but the Science of Optics is converiaiit 
about fuch Subje(5t$ a$ are founded, not only in the inoft 
perfect Geometry of Nature, but are capable of bdn^ 
flluftratcdj and rendered in the higheft Degree enter^ 
taining and ufeful, by the moft eafy and obvious Expen- 

tnents. This Science extends the Ufe of the Eye tn 

an amazing Degree ;^ — tho' this excellent Organ U b| 
Nature conftrufled to produce the moft ufeful Scnjatii 
yet it is in a limited Degree : It ia left to human Ski 

»n wwr^ffV if in almrtfl' ai; miirli Viftrhpr V^p-nrp-^ 
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Pieafures arifing from the Study or Extenfion of the 
Sciences, either Optical, or any other Kind. 

Clion. YourObfervationisjuA; to which I may farther 
add, that it is neceiTary it fhould be fo, and that we ought 
not to k>pk on thofe Things as any Faults or Deficiencies 
jn Mankind : Thofe who want a Genius are not to b^. 
blamed on that Account, nor are we to wonder when 
ivc find them fo frequently expatiating on the Pieafures 
arifing from the Senfations of the Guftatory Nerves^ and 

fo little fenfxble of thofe of the Optical onts. But to 

the Point : I have here brought you fcveral Microscopes 
of different Forms and Conftrudions, on Purpofe to ac- 
quaint you with the different Ways and Means that have 
been invented and contrived for their Application, in 
viewing Minute Obje^fs, Thefe the Opticians ufually call 
Single Micro/copes^ and are to be held in the Hand. 
. Euphref, They feem to be curious Inftruments, and 
neatly difpofed in their Cafes, with a Number of little 
Trinkets about them, all of elegant Workmanfhip. — 
I fee they are of different Forms and Make, and I pre- 
fume all anfwer one and the fame End, viz. to magnify 
mnyfmall Obje£i But one Query I muil beg you to 

fiidsfy before we proceed farther, and that is, how it is in 
the Power of a Glafs to make an Object bigger or lefs. 

Clean. -The Glafs, my Eupbrofyne^ can do no fuch 
7hing, the real Magnitude of the Obje^ continues the 
fiune ; however it may be viewed by the Glafs, the mag*^ 
nifying Power, as we ufually call it, is only apparent. 
The Eye, by Means of a Glafs, views an Qbje^ under 
a laigor Angle than it can do without, and confequenti/ 
will fee it, in Appearance, larger; for by the Principles 
of Optics, which you have perufed, if you recollect, i^ 
•ppevB, that any Obje^ fubtends a larger Angle in Pro* 
portion, as it is nearer to the Eye, and that Angle is 
the Meafure of the apparent' Magnitude of the O^eA; 
thus, for Inftance, if you extend your Arm^ and hold 
up your Finger agatnft the Ball under the Crofs, on the 
T<^ of St. PauPi Cathedral, it will appear much bigger 
than that Ball does, becaufe it fubtends a much greater 
Angle to the Eye than that Ball does at fo great a Diftance, 
though It be fix Feet in Diameter. 

Ma 
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Euphr^f* There is ibtnething very curious snd for- 
pnlmg in your DoiSirinc of apparent Magnitudes^ I Knd 
by Eic peri meats, which I little thought of before ; but 
acirtiir that the Gkfs only (hews the Object larger, yef 
there is one Thing further that muft be the Subje^ of 
nnother Qucry^ vix. how it comes to pafa thnt the Gbfa 
ihews Lhc Obj<^£t diftinctly at fuch a Diftance from the 
Eye, where it cannot be fecn without it, unlds very coft* 
fufedly ? 

CUatt. You will remember the Experiment which you 
mndc in the Sun Beams with the Glafs, whofe focal Di- 
ftance was one Inch» vix, that it collected together ihf 
Beams into one Point, called the Focus \ and that an- 
other Glafe of the fame Sort, held jiift aafar beyond rfiac 
local Point, received the diverging Rays, and made tbOB 
all parjUcl again, 

Ekpbr&f I remember it very wlU i but what do you 
deduce from tl>^Jnce ? 

Chm, On that EKpenl7l(^nt depends all the RaUmak of 
Vifion by a fmgle Glafs j for the Eye is lb formed by 
Natural that unlefe Rays of Light fall nearly panU^ 
upon ic^ ihcy will not be converged to % Focus u|.*on the 
Retina in tht; Eye, and therefore no perfect Image ctn be 




jutMted on the Rttinay and there- forming a perfcfl Ima^ 
-of the Wire, will caufe a diilin<St View of it. 

^Euphrtf. I feem to have a tolerable clear Idea of this 

/Hatter : And fince the Wire appears diftindly at 

the Diftancc of three Inches from the Eye, by Means of 
thp Glafs, it will be feen of Courfe under an Ansle twice 
as large as it fubtends to the naked Eye at the Diflancc 
of fix Inches, and therefore will app?ar twice as large ;^ 
ponfequently, an Obje£b in fuch a Cafe may b<; faid to 

be magnified twice. For the fame Reafon it will 

fellow, that if a Glafs of one Inch focal Diflance be 
applied to the Eye, the Objedt in that Cafe muft be 
placed in its Focus, or at one Inch from the Eye, and 
then the Rays being rend^ed parallel upon the Eye will 
i:aufe a diftin^ View of it at that near Oiftance, which^ 
as it is fix Tiaies \th than fix Inches, it will appear fo 
fnany Times magnified by fuch a Glafs, 

Cleon. Wbat you Itave now faid, you inflantly prove by 
Experim^O.t ; and the fame Reafon holds far any G]ailc8 
pf ihorte^ focal Diflances, they always magnify more in 

'proportion. But let us refledl a little on the magnify- 

ukg Power of a Glafs, whofe focal Diilance is one whole 
Inch : — ^You fee it magnifies the Diameter of the Wire 
fix -Times ; but as ypu increafe the Length or Breadth of 
an Qbje^ the Surface will increafe in Proportion to the 
Square thereof, and confequently will appear fix Times 
fix, or thirtyrfix Times as large as it appears to a naked 
£ye, and confequently fuch GlafTes will exhibit a very 
ajgreeable View of many of the larger Kind of fmali Ob- 
je^s ; for which Reafon they are very mudi in Ufe, in 
qbferving the W<>rlcS' both of Nature and Art, and may 

be properly called MpGAJ-^scoPf s : Thus all the 

iinaller ^rt of Flowers appear extremely fine when 
viewed through fuch GlafFes..— t-»-A11 Kinds of Infc<n:s, 
as Flies, Bees, Wafps, Uff* rngke a noble Appearance 
thus magnified, and feem quitp difTerent Creatures than 
Vhat they appear when viewed diminutively with the 
naked Eye,-— — r-The Texture and Vcirds of Plants and 
^nimals are exquifite Subjedl; of the Mcgalafcope ; 
and when we apply them tp vieyv the Works of Art, 
tfieir Benefit is fufHciently known to the Wajtchmaker, 
()}p\prapcr^ the Engraver, (^r. under the Denomination 
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of the WaUhmahn-Ghfi I CUth-Mitr^fi&p^i iSi. Ifll 
for a pretty Experiment of this Kmdj I neeti onW pfOpoA 
to you this fmal! Circle, in which is'contained the tea 
Commandments, which th^beft of Eyes cannot dccypheri 
but with a Glafs you fee toieacJthe whokdilltn£%3y» 

Euphrs^f. ThrsGlafs is of esccellenr Ufc, I find by thti 
Experiment:; and this, which you have hecn fo kind u 
to make mt a Prcfent of, will afford me great Entertain^ 
ment, as I fliall frequently apply it to the Purpofcs yon 
have mentioned. 

Clicn, There is one Thing farther to be conitdefod, 
with regard to the ma^nlfyin^ Povt^er of this GU&i tttK< 
that the Solidity, or the whole Balk of a Body it (imgikH 
fied in Proportion to Cubes of the Diameter or Sid*; 
Thus, fuppofe any Globuki or other fmal I Obje^ *rere 
to he viewed through the fame Glafs, the whole Bulk 
will be apparently increafed fix Times thirty-fiX| Of 
2i6 Times, or fo much larger it would appear through 
the Glafs to the naked Eye. — I have brought With me 
two or three Marff!*mal!ow Flowers for a Spccimfii of 
this Kind ; you fee a little white Part ^landing up in the 
Middle; pray, view it wttbyour megalafcopic Glais, and 
tel) mc wh*t you fee* 

Euphraf I fee a great Number of very beaulilul, fmall. 
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Euphr9f. Pny^ of what Form or Size arc thcic GkTes 
which you make ufe of for greater Powers cf magni* 
fying ? 

CltffTu They are of the fame Form with this Mcgala- 
Icope Glafs, vix, a double Convex generally, but the Size 
very fmall ; for as they are intended to view (mail ObjeflSy 
there is no need of a large Diameter, nor indeed will the 

Nature of the Glafe admit of it : As the Glaflcs are 

fmall, fo are their focal Diftances, and in Proportion 
their magnifying Powers the greater ; hence thefe Glaflbs 
arc properly called Microscopes, which denote only 
their Power of magnifying very fmall Objects : But a9 
thefe GlafTes are fo very fmall, they cannot conveniently. 
be applied to Objedls without being adapted in a Frame, 
confiftine of proper Parts for that Purpofc, by which 
Means the Glafs and the Object may be at any required 
Diftance from each other, and from the Eye, and the 
Objed viewed with all imaginable £afe, by holding them 
in the Hand againfl the Light, as you will eallly (ee in 
the feveral Forms here before you, which indeed arc but 
four, but they are the befl: and moft convenient of all the 
numerous Inventions for this Purpofc. 

Euphrof. Which of thofe Microfcopes do you recom- 
snend as the moil perfe£l and eligible ? 

CUon, It is difficult to fay which is the beft of all ; 
they have feverally their peculiar Advantages ariftng froid 
their particular Form, and the Apparatus proper to each* 
—Some Gentlemen prefer one Form, fomc another ; and 
I will point out the Properties of each feparately, that youi 
may chufe upon OccaAon which you pleafe, for I ih^l 
make you a Preient of them all. 

Eupbrof In this you will highly oblige me, indeed; 
but you muft, in the firft Place, make me acquainted 
with the Ufe of them, for there are fo many fmall Ad* 
jun^ in what you call the Apparatus, that unlefs I know, 
the Ufe of each Particular, I fliall not be perfe^ in the 
Application of the Inftrument. 

Cli9n, It is very true, my Eupbrojyne; I know it is* 
incumbent upon me, in the nrft Place, to diffe^^, as it- 
were, each Microfcope, and fliew the Ufe of the feveral 
Parts as thi^ are varioufly applied for viewing different 
Obje£i8» The firft I ihall begin with, is that which 
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general J y goes by the Name of WIL£o^f's MicRascofi, 
though the iirfl Inventor of this Form i$ perhap iio| 
known* This Mkrofcopc con fills (i.) of an cxccmal^H 
and an internal Tube, the htter moving by a long ScropH 
in the former ; the externiil Tube being for the grt4iuft 
Part open on cich Side: You obferwe (2.) twa iHlil 
brafs Piatea moving regularly in thnt Apcrctirc by 
Motion of that internal Tube or Screw ; and to 






them together }ou fee (3.) a fpiral Wire bear upon tben% 
from the End on the Iniitleof the outer Tube, the InieM 
of which is to prcfs thole Plates firmly together. (4,) The 
{everal Ivory i^lidcrs which you here fee numbered^ 1* 2, 
3, 4, &c. in which are contained the fevcral fmall Ob- 
je«3i pJaccd between two thin Plates of Mufc^vy Gtafs, 
ufually called Talks; hcfidtsthcfe there is (5p) this long 
Brafs open Fiame, to which h iitted an Ivory Slider^ 
contiining fmall Concave GblTeS} with a plain Slip QJ^B 
Giafs placed over it for inclofing any minute living ObJ^ 
jedt without crushing it j this likewife* when ufed, if 
placed between the two thin Plates, below which \% (64 
4 third Phte or Piece of Brafs with a cylindric HolU 
to receive (7,) the fcvcral glafs Tubes, which you hi 
fccj three \i\ a S^tt, contained one within another^ I 
holding any Fluids with Animalculse^ Tadpole, Water- 
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there is (13O another Piece of Brafs with a Screw at 
one End, by which it is fixed on the obje<^ End of the 
Microfccpe on one Part, and contains on the other a 
hollow Screw for receiving the feveral Magnifiers, which» 
in this Cafe, fliew any Obje^ held in the Plyers at one 
find, or fixed on the fharp Point at the other ; and to 
^apt every Glafs for this Purpofc, this Piece confifls of 
two Parts, with Motion about a Center. (14.) On the 
fharp End of the Wire there is fcrewcd on a fmall circu- 
lar Piece of Ivory, with one Surface black and the other 
\vhite, on which Obje£ls of a different Colour are laid to 
be viewed. (15.) Inflead of the fmall GiafTes, you may 
fcrew on the Glai's in this black Ivory Frame, which is 
called ihe Tun : This is defigned for viewing larger Ob- 
le£ls, like that which you have in your Pocket. (17.) A 
Pair of Nippers, Hair-Bruib, Box of Talk-wires for 
fixing them in the Sliders, ^c. compleat the Apparatus 
of a ffTilfons Microlcope, for viewing every Sort of 
Objeas ♦• 



• That the Reader may have a proper Idea of the four dif. 
fcrent Forms of finglc Microfcopcs, and the principal Parts of 
the Apparatus, we have thought proper to add a Figure of 
each Form, drawn from the Inllruroents themfelves, which 
need no particular Defcription, as the Ufes of the feveral Parts 
Ihay be eafily underftood by Infpedlion. (Sec Plate XLIII.) 
The Particulars of the Apparatus are as follow : 

A is the Me^alafcope Glafs, to be held in the Hand for 
viewing the larger Sort of fmall Objefts. 

B tic circuair Piece of Brafs, in which the Microfcopiq 
Olafs is placed to be fcrewed on at the End q^WH/ot^^ Micro- 
fcope, or that of the firft Fonji; of thefe there are 6 in 
Ktmber. 

• C a Pair of Nippers for taking up fmall Objefts. 

t> a Q^iill with a Camel -Hair Brufh at one End for clean- 
ing Glafs, and a Pen Point on the other for taking up a fmall 
Quantity of a Fluid, ^f . ' 

■ B a Glafs Tube for holdine Fi(h, or other Animals, for 
ihewing the Circulation of the^lood. 

F a long Brafs Cafe for holding a Slider, with fmall Con- 
caves, and a plain Glafs over them for con£ning fmall living 
Animalcul«. 

• G a fmall Box of Talk and Wires, for fupplying the Ivory 
^Ud crs upon Occafion. 

« 
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Enfihrof, You have run over a hrg« Catalogue of ^if- 
Ucuhrs indeed ; ont had need have a pretty good Me- 
mory to retain the particular Ufes of each : But I appre->^ 
hend this will not be difficult after a little Pr3£ticc, 

CUo», You will find it extiemely eafy to manage every 
Part with once ufing only ; and when you know it tn one 
MicrofcopCj it is nearly the fame in all the refr^ which 
differ from each other principally in the different Mai^oer 
of applying the fcveral Parts of the fame Apparatus. 

Euphrof You will pleafc, in the next Place, to infarm 
mc of the difFerexit Power of magnifying belonging to 
each Glafs of the Microfcope, that 1 may have a more 
adequate Notion of the Effeds of this Inftrument when 
I life it* 

Clem, This cannot be loiown without mearuring very 
precifely the focal Diftance of each Glafs: Thus^ for 
Example^ I find by meafuring^ that the focal Di fiance 
of this Glafs 1% em Tinth of an Inch : Now, you know 
that in 6 Inches there are 5o Tenths, and confequently, 
when I view an Object through this Glafs, it is then 60 
Ximes nearer to my Eye than when I view it without the 
Giafs^ and therefore it will appear 60 Times larger in 

regard 



H a Piece of Ivory with two Sides^ the nne black and tlio 
other white, with two ftnalt Steel Springs for holding Obje^ 
upon them. 

I the Stiver Speculum belonging to the opake Mlcrolcopc^ 
or that of the third Form, in the Center of which the fmiU 
MagniSer appears. ^ll 

K a doable Spring Frajne for holding the Glafs Tube. ^H 

L the fame for an Ivory Slider. ^^ 

M two fmall circular Pieces of firafs, containmg a coocaire 
and a plain Glafi^ one moveahle over the other* for cOa^ning 
iinall living Objcds* 

N the Flyers, in the Pofidoa they arc applied for viewing 
DbjeHs in the Opake Microfcope^ to the Point of the End of 
which below arc fcrewed on the fcveral Parts of the Apparatiu^ 
denoted by the feverat Letcers H, K, L, and M. 

There are oiher Particulars of an Apparatus belonging to 
thefc Microfcopcs ; but as they are feldom ufed, and the Mun-* 
uer of their Application not eafily underftood without viewing 
the Inftruments themrdvcs, we have here omitted their Reprc- 
fentation. 

t 
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regard to Length and Brcadih. Thus a Flea^ or any 
fmall Animal, will appear 60 Times longer atid wider 
than it does 10 ihe naked Eye -, and, becaufe a Flea is 
much about j% of an Inch long, it will appear through 
the GIafs6 Inches long, 

Buphrt^f What an hideous Figure muft it make of 
that monllrous Size ] 

Cii&n, Erpecially if you confiJcr that the whole Sur- 
face of the Body of ihe flea will appear 60 Times 60, or 
3600 Tfrnea larger than we view it with the naked Eye. 

Euphr&f Heavens I why, at that Rate, it mull appear 
%% large a^ a Lob fie r« 

Ck$n, I can aflure you, the Compartfon is very a* 
fropoti for^ when the Flea is thus magnified, it has very 
much the Appearance of that teftaceoua Animal, as yott 
will fee by and by,^ — But add to this, that the whole 
Pu!k of the Flea will be magnified 60 Timts ;j6oo, or 
upwards of two Hundred Thoufand Times, and fo much 
larger it will appear through this Magnifier, than to the 
jiaked Eye *. 

Bnphrof Prodigious, indeed ? I muft be ftrangcly d<- 
]ighi^ with fuch unufual and extraordinary Views, If 
fmall Animals arc magnified to that extreme Degree, 
how wonderful muft it be to view the Mites, and other 
fmall Animals, which appear In fuch very great Numbers ? 

Cleon* They appear more numerous to the naked Eye, 

fhan through the Microrcope; for in Proportion »s they 

are magnified more, the lefs in Number will be feen ; and 

jiotwithftanding this Glafs which I have now mcntionetj 

has fo very great a magnifying Power, there are others 

^hich ftiU much more exceed it, and other Methods of 

^agni^yi^g, befides dire^ly poring through the Glafs, by 

fhich Means a Mite will be ihewn as large as a Porcu- 

iine*, and Animalculae, when magnified Millioos of 

*im^, will appear fcarcc larger than phyfical Points j 

ill which you will be fatiified about in a very Itttlc 1 ime, 

>y ocular IDemonftration. 

Euphrcf To tell you the Truth, I cannot help beinj 

very great haftc to fee them i therefore hope yoy wiH 
'not detain me long ffom fuch wonderful SpecuJations, 

^1 * At prefent we refer the Reader to the Frint of the ^lea* 
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Cli&n . A s I h a ve b rgcl y d cfc r i bed to you tb e A p p= 
belonging to Microfcopcs in geiicmi, what remains^ 
regard to the particular Conffru^ion, an J Manner csf 
Applicatianj will be difpatchcd in a few Wofds, la 
refpetSt to the Manner of placing the GUficj» you ab* 
ferve, it )5 diiFercnt in each of the inrcc Forniaj for, firfti 
in JVUfin's, Microfcopcs the Glaflcs arc properly fct m 
tircular Pieces of Brafs^ which are fcparately icrcweJ on 
to the Body of the MicrofcopCj for viewing Objc^lj, and 
they arc adjufted to a proper focal Diftance by Mcaitioi 
ji Screw, 

Bat, fecondly, the newefl Invention for this PurpoiiCt 
i$ to place all the Magnifiers in one long Piece of Braf*, 
by which Means it is eafy to apply any Glafs to the ObjtiJi 
inilantly, without che Trouble of fcrcwlng the Cilafib 
on andofftheMIcrofcopc; alfo, the Focus ii, immcdiitrly 
adjuiled by the Contrivance of Teeth ard Pmion, whicit 
you here obferve on the Side of a Microfcopc of t!ii» 
iecond Fornip 

Thirdly, in order to view Opakc Bodies by the ficgle 
Mit^'^ofcope, there has been J ately contrived a Method of 
applying the Magnifier to a Hole made in the Middle of 
a refledting Silver Speculum ^ which Speculum being , 
icrewcd on to the In^rument^ the Opake Obje& in w^ ^M 
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Eupbrof. I think this appaars to be the moft convenient 
Method of them all, as I have nothing to do but only fit 
at the Table and look through the Glafs at the Objed^s.— 
But I fee, that in this Sort of Microfcope vou have dif- 
ferent Conftrudlions } for I take it, that all thefe before 
roe are Specimens of each particular Form. 

CUon, They arc fo ; and I have procured them, in 
order to give you an Idea of the different Manner of ap- 
plying, and viewing Obje^ls in this Way. In all of 
them there is a Variety in the Frame in which the Glafles 
are placed, the Method of conftru6^ing the moveable Stage 
by adjufting Screws, C^r. the Manner of fixing the reflec- 
ting dpeculum, and many other Peculiarities, which you 
will eafily become acquainted with in the feparate Ufe of 
each.-— Some of thefe are very expenfive in regard ,of. 
curious Workmanfhip : — Others, too much laboured and 
incumbered with too many Parts and Appendages: — And 
others are as remarkable for their light, eafy, and elegant 
Conflrudlion : one of this Sort I ihall here recommend to 
you for your common Ufe, and it confifls of the following 
rarts : (i.) A Piece of Brafs propcrlv formed for the 
Foot or Bafis, with a circular Hole in the Middle, whofe 
Ufe I fhall mention hereafter. (2.) The Stem, which 
confiils of two Parts ; The id of which is a Pillar fcrewed 
into the Foot, and the 2d a fquare Piece of-BraCs fcrewed 
into the Capital of the Pillar. {3.) Two Pieces of Brafs, 
moveable on the fquare Part of the Stem, the Lowermofl 
of which is fixed by a Screw in the Side, while the other 
remains moveable by an adjuiling Screw on the back Part. 
(4.) To the upper Piece, the Stage is adapted by a Dove- 
tail Groove, in and upon which Obje6ts are placed, as ia^ 
the other Forms, to be viewed, and are adjured to 2 
proper Focus by the Screw behind, (5.) On the Top of 
the fouare Piece of Brafs, or Stem, is fixed the Head of 
the Microfcope, which has a flat Piece of Brafs, properly 
formed, and placed horizontally and parallel to the Stage*. 
(6.) On the under Part of this Plate is a circular Piece 0/ 
Brafsy containing 6 Glafles, difpofed in a circular Man- 
ner near its Circumference : This Piece is moveable on. 
^ Screw-pin in its Center. (7.) On the upper Part of 
the Head-piece is another circular Piece of firaf^, fixed 
at the End with a Screw on the Outfi'd€,""ainr"jrTmair 

.: .,- Hole 
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Hole in the Center, to which the Magnifiers arc fuccrf* 
lively applied for fliewing the Objc^s on the SugcbrI<MV» 
(8.) The rcfiei^ing Speculum, itrewed on to the PiUar^ 
and moveable on & Joint, ilium inates the Obje^ to be 
viewcd*^ — From all which, you will readily fee bow c»fy 
and plcafant it muft be to view Obje^li in this Con^riu:* 
tion of a Microfcope. There are many other Ways and 
Methods of applying fmglc GlafTes, but none oi them 
fo welt deferve your Notice, as the four different Formi 
I have now defcribed to you : — But I mufl take unother 
Opportunity of explaining to you, the Difference betwcca 
jingle and compound Microfcopes ; the 6'ifkt^nt Coo- 

ftru^on of the latter, and, !aft of alJ, the Nature 

and Conftru£tion of the Solar Microfcope, which mult 
be the Subje^ of our enfuing Mkrofcopic SpecuUttom*. 
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Euphr^f, I hope I fliall find it fo; but, prajr, b the 

IEfTe^ of a coni pound Mtcrofcope above that of a flngJc 
One, ill any Pruporcicn to its Magnitude ? if it be, they 
mufl be wonderful Inflruments indeed, 
Ckm. In anfwcr to that Query, my Euphrefyng^ I 
need not inform youj that your Sex, ^% well as our own^ 
are very iipt to be affe(5tcd with Grandeur and Magnifi- 
cence, in every Shape ; and the Microfcope, to many 
People, as much recommends itfelf by a pompous Ap* 
pearance^ a^ by its ufeful EfFc<5ls : But as we are only at 
prefenc ctincenied wUh the latter, I Ihali proceed to/heur 
you the DiiFcrence between a fitigle aiid compound MU 
crofcope, which confilVs in the following Particulars ; ( i.) 
In the (ingle Microfcope one Glafj only was necelTary^ 
becaufe the Objedt Jtfclf was viewed by that Glafsj but 
(a*) in a compound Microfcope the Image of the Objedt 
IS viewed by the Rye^ and therefore twoGlafles at leail 
are necclTary in this Conilruiftion, viz. one to form the 
Image of an Objei5^j and the other to fhew it magnified, 

Emphr^f, Then I apprehend, by what you have fald^ 
that only two GlalTei are eflential to a compound Microf- 
cope: But beftdes the two which you have now jhewn me, 
I obferve there are two others in the Inftrument j pray, 
to what Purpofe do they ferve ? 

Cltm^ They only ferve to make Vifion more diftiti^ 
and pleafantj by properly attempering the Rays of Light, 
and enlarging the Field of View, The original Con* 
ftruftfon was with the two Gjailes only ^ then a 3d wa» 
added, for aii Improvement of the Invention ; and, at 

Iiaftj a 4th, to com pleat that Improvement, — It requires 
% mathematical SktJi in Optics, to conceive the RutkfmU 
mi them all; hut you will eafily find, by ExperimeDt, 
ihat they have each of them their peculiar Ufes, in pro- 
ducing the great EfioSl of a manifying Power in thebeft 
Manner poffible. 

Etipbr&f You will be fo good as tODoint out to me 

»|he Ufes of each particular Glafs, and QluJirate the fame 
iy an Example, 
Ckm. That I fhalJ readily do, with an Objea a little 
.Ml your own Way, I mean, a Row of the fmaUeft 
Minikin Pins^ which you can give me| and you will be 
no Irfs pleafed wi h the Oddity of their Appearance, than 
you aj:e with tlicir Ufes in Dr!;^ng. 
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Euphr&f, This Exp<?rimcnt will V very a prsp&T^ m^ 
deed* — Here is a Rc>w of the fine Pins you want. 

. Ckm. The GlafTes of the cojnpound Microfcopetrt 
aU contained in one Part, which is calkd the Body Qitht 
Microfcopc, the lower Part of which is a long Pipe, or 
Snout, as it is eommorJy called, on which ts icrtW^ M 
Brafs Button, or Box» containing a fmall magrtifyijag 
Glaf$, which of itfelf has a confidcrable magnimn^ 
Power, as will app<?ar by your applying the Row of r'lm 
to the Focus of that GUG, which 1 h^vc now taken off 
for that Purpofe, 

Euphref. Well ; how oddly they appear, indeed f 

they look as large as Corking Pins : Their Hetdv V^M 

large as Bullets, rough and uncouth. There appe^^^H 

jult five in the Field of View. ' 

Ckm, By that you will know the Ufcs of the other 
Glafies; frr if now I fcrew that on to its proper Place, 
at the End of the Pipe, and take off the GJaltes on the 
upper Parr, then, by placing the Body in the external Parte 
cr Cafe of the Infirunient, I move it gently down tOWards^ 
the Pins that arc now laid upon the Stage, and by adjufV* 
ing the Glafs to a liti!c more than the focal Diftancc from 
the Objeft, the Image of the Pins arc formed in th&^J 
upper Part of the Body, as you will eafily (ae bfl^H 
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to the Eye than it can be feen without the GlaJTs, there- 
fore the Image will appear 6 Times larger, by Means of 
the upper Glafs than it does to the naked Eye; and, con- 
(equently, the Object will appear 6 Times 6, or 36 Times 
oagniiied in Length and Breadth, and the Surface is mag- 
nified 36 Times 36, or 1296 Times, and in Solidity 36 
Times 1296, or 46656 Times : And in that Degree you 
muft underftand the Heads of the Pins are magnified, as 

they are folid Bodies. ^I will now put the Glafs in 

its Place, and then you may fee the Experiment. 

Eupbrof, They are magnified to a prodigious Degree, 
I allow ; but ftill I cannot conceive they are magnified 
Forty-fix thoufand Times. 

Cleon, There are no Fallacies like thofe of Viiion, on 
the one Hand, nor any Truths fo much fufpe<Sied on the 
other : We often fee Things that are not, as if they were^ 
and cannot eafUy be perfuaded to the Contrary ^ and no 
lefs frequently we look upon real Fa£ls as the greateit 
Improbabilities.— This (hews, in general , how necef- 
fary the Knowledge of Geometry and natural Philofophy 
is, to give People a jufl and adequate Idea of Things, 
and to free them from all Impofttion by their Senfes^ as 
well from optical as all other Kinds of lUufions. 
Thus much for the magnifying Power of the two Glafles, 
which greatly exceeds that of the fingle Glafs alone. 

Euphrof, But another Thing I obferve, Cleonicusy is, 
that though the Pins be much more magnified by the two 
Olafles, yet I obferve not fo many of them : for now, 
fcarcdy 3 appear inftead of 5. 

CUon, This is only the common Confequence of mag- 
nifying ; for the more any Obje^ is magnified, the lefs 
Number or Quantity of its Parts appear : And it is for 
this Reafon, that this other larger Glafs (called the Bodjf 
Ohfs) is added, to inlarge the Field of View, by dimi- 
nifhing the magnifying Power of the two Glafles j for 
when I put this Glafs in its Place, you will fee the Image 
is contra<Sted on the oiled Paper above it, and by that 
Means a larger Quantity of the Obie^ will be depi^ed 
upon it, and con fequently a greater Number of Pins will 
appear, as you will find by trying the Experiment. 

Euphrof, This I clearly fee j 'but then one Qtieftion 

will occur, which is this, you tell me, that one of thofe 

Vol. II. N Glafles 
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Glafles oD tlie upper Part is employed to magmfy, wi 
the other to dtminifh the Image formed by the 611JI 
Mbjct5t Glals i finct; this is the Cafo, is it not poffiblc 
far one Ghifs to iinfwcr tji<3 End* of both ; Thac is 1^ 
fay, to magnify juft fo much of itfclf as i^ey both «k» 
together ? 

Cho7i, I arifwfr in the Affirmative, one G^afs ■will 
magnify j lift iis much as the two j but there is another 
Fitrpofe to be anfvrercd belldcs the Tnagiiifying Fower, 
an J enlarging the Field of View, and that is, to coircft 
the Errors of Rcfradion by a fmgk LenSj and to make 
the Field of View more perfect towiirds its extreme Parti, 
fo that tht! ObjcJ;ts which lye round the Circumfci^ticc 
appear lefs diltorted and confufed than in an equal Field 
by a fingle Glafs only : And moreover, the Ray» of 
Light, jxifiiiig through both Glaflt?, arc fo attempered^ 
and^ as it were J adjulted, that the Cone of Rays entering 
the EyL'j rt-nder the Vifion more eafy, fieady, and plci- 
funt*: All which you will eafily find by obferving^ cfae 
Obje£t through both GbCes, and through one alone^ 
l^^hen the nugnifying Power is in both Caies cquaJ. Ao^ 
what I have ubrerved now with refp^S to the Eye^glitfs, 
is equally applicable to the Ohjt^UgbG below; aud t»icre- 
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.PtikStion^ on either Side of which it is impoflible any 

Thing Ihould hfi right. — • — You will wonder, perhaps, 

."when I tell you, that a compound Microfcope may be 

Conftmded not more than an Inch in Diameter^ which 

.will ibew you moft Sorts of Objedls nearly as well as this 

Jaurge one of two Inches : And to convince you of this 

'•Tcuth, I have provided likewife a compound Microfcope 

J^ a portable, or pocket Forfn, that you may take with 

,you into the Gardens, or Fields, for inftantly viewing 

my Oh^oSk tha( may prefent itfelf in your Walk. 

Euphrof, You are very obliging, Cie^mcut ; it feems 
to be a pretty, neat Inftrument for that Purpoie.<^ — —I 
i«bftrve, there is the fame Number of GlafTes in this ad 
Jn jthe l^rg&One, and when I put the Row of Pins under^ 
.they appear, as you fay, very nearly the fame as in the 
. targef Microfcope, and muft coofequently afford me a Va- 
riety of optical Pleafures from the Multiplicity of Objects 
which the Fields and Gprdens afford :-^But, methiuks^ 
:I ibould b^ glad to know fomewhat of the Reafon, why 
thofe fmall Glafles perform fo nearly as well as the 
Jarge ones f 

Clepn^ The general Reafon will appear from confider- 
;ing, that the Perfedion of the Image in all the Variety 
of optical Inftruments is regulated by the Aperture, or 
jound Hole, by which the Light palles through the 
GJaiTes from the Objedl; on which Account we ard 
obliged to have ftrid^ regard to this Aperture of the Ob- 
je^-glafles on twoAccounts;— they?j|y? is, becaufe the lefs 
^^e Aperture of the Glafs is, the lefs will be the Error 
of Rcfra^ion, and confequently the greater will be the 
Perfe^ipn of the Image formed of the Obje<5^.-^— ^But^ 
fic^niljy if the Hole be too fmall, the Image will not be 
fufiiciently bright, and therefore the Aperture muft be 
/ucb as will s^mit of a fufficient Degree of Lights by 
which the Pidure of Obje6ls may be viewed to Advan- 
tage: Therefore the PerfetS^ion of the Inilrument princi- 
pally depends on the Aperture, and not on the Size of 
the Obje^-elafles^ which you fee is the fame in the large 
^nd fmall Microfcope^ 

EuphnL This, I obferve^ and ant very well pleafed 

tbat you nave mentioned this Particular^ which I might 

not (DtherWife have fo well confidfcred \ as to what regards 

N 2 ths 
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the Errors of Refraftion, 1 muH lake that updtl 
Word: But I can readily apprehend, that if the A'j 
ture of the OLijcit-^^Uf* be too fmalU or too large, 
will certainly be loo Hi tic, or too much Lijht for 
ing the Obja*:t with a rcquifitc Ditlin^lnds And l^trft 
and there is ajs link Plcafure in viewing the Image, Uio* 
well deAocd, in the Dark^ as there is when coafufed 
with too much Luftre* — But though the Obje^-glife 
arc alike in the Parlour, and th« Pocket-MicroJcope, 
yet I fc«: the Eye-^rkflefr are widely different, being voy 
[iirge in the one, and fmall in the othcr*^—- 

CUm, 'Tis true, they are j yet the Eflfc^ is Dcailv 
the fame in each ; And to convince jou of this, I fiutf 
(hew you the Hole in that Piece of Wood which a 
ufually called the Sftf^, which is placed between the Eye- 
glaf&s, and which is but a Trifle bigger in ihc large^ 
than in the fmalJ Microfcope, as hy fcpewing off W 
upper Eye-glafs you wtil dffccrn very plainly* 

Euphrof, 1 fee the Difference h but fmall j but whit 
is the Purport of thcfe Holes I 

CItoTt, They are intended to limit the Field of View 
as far as it is perfc*^; and as they differ fo vrry IHdc 
from each other, it ts plain, the Perfection of Vi 
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cxpenitve Apparatus, that nothing may be wanting to 
render the Entertainments of this Tnftrument pleafurable 
in the bigheft D^ree. (4.} There is in this Inftrument 
a larger Diftance betMreen the Objed-glafs and the Eye- 
glaflo, and therefore, upon the Whole, the Scope or 
Power of magnifying will, in fome Degree, in this large 

Conftrud^ion, exceed that of the fmall. But then, 

on the other Hand, the fmall one is recomm;nided by the 
following Confiderations : (i.) Being of a pocket Form, 
it may be carried any where, and, of Courfe, becomes 
more generally ufeful, than the large Microfcope. (2.) 
The Price is confiderably lefs; and therefore fuits the Ge- 
nerality of People much better. (3.) The fmall Difference 
in the EfFe6): between a large, and fmall Microfcope, to- 
gether with the above Reafons, incline many People to 
the Choice of the latter. 

Euphrof. As to the Form of the Microfcopes, I pre- 
fume, no great Matter depends on that ; and feuther, I 
fuppofe, the Two you have brought me, are of the neweft 
Fa&ion and Tafte. 

CUan, They are the lateft Forms in which Microf- 
copes have been made: ^Thc three pillar'd Microfcope 

(as it is ufually called) is, indeed, an old Fafliion, but 

then they have always been made in the large Form, and 

. the Brafs Legs, or Pillars, of a different Shape and Size 

from what you fee in this Pocket-Microfcope. But 

as for the Form of this Parlour-Microfcope, it is quite 
new, as none, that I know of, have ever been made of 
tjiat Conftrudlion before j for. in this Form the Microf- 
cope is placed in any Situation, either perpendicular, or 
parallel to the Horizon, or it may be placed in any 
oblique PoAtion, as Occafion may require ; befides this 
Advantage, there is yet another in the circular Stage that 
moves on a Center, and thereby fhews all the different 
Farts of Objefts in the mott commodious Manner ; thefe 
two Particulars, together with the Lightnefs, Air, and 
Elegance of the Fbrm, render it, in my Opinion, moft 
proper for a Lady's Ufe ; to which may be added, it being 
contained in a neat Shagreen Cafe, with a complete 
Apparatus, renders it much more portable than thofe of 
{he ufual Forms kept in wooden Boxes. 

^3 ' . 
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Estphrff, I think myfdf greatly obliged to joufor tKt 
Trouble I have given you in fc many Intcrrggatarid 
about Micmfcopts, and for the Sati»fa£l7ofi yoti 
given mc in their Soluciotl. At prcfciit, I think^ it 
Be proper to defi ft froni any Further Enquiries of ihit Ksm 
tut (tall he glad to enibftac^ the next Qiipanuaity k 
that Purpofe, 
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CUmkuSw 

I Have hitherto entertained you in the bell Manner Izit^ 
^hle^ with an Account of miciofcopic CuniT > 

of diffi^rent Forms ;ind Kinds j nor h«vc 1 finij^: tj 

Subje^^ yetj as tl^ere r^m^iqs one which far cxceecU ill 
the reft in its magnifying Power, or the aitonifliing Aj 
pea ranee it gives of the iiuaJlcil Obje^ls, 

Muphrof. This, I pre fume, is the Solar Micmfci 

whirli I hai'£ lieard vou ineak cif vertf nfr^n. «n rhst A^l 
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Words, the Defer iption and Ufe of the fcversd Parts of 
the Micrpfqope. — ^You will therefore obfervc, this Inftru- 
ment conifiils of the following Parts; (i.^ A long plain 
Glafs in aBrafsFramej which goes on theOutfide of the. 
Window to receive the Sun-beains which fjll obliquely 
thereon, (a.) The fi^uare Plate, or Frair.e of Brafs, is,, 
by a Couple of Screws^, faflened.to a Wiudbw-ihuttern^ 
containing a Hole for the Looking-glafles to pafs through. 
(3.) In the Middle of this Plat^ lies a Wheel with 
Tecthi concealed, with a circular Rim of Brafs placed} 
over it, and is moveable by-a Wheel and Pinion, which 
you obierve in one Angle of the Plate. (4.) In the cen- 
tra] Hole' of this circular Wheel, r.r Piece of Brafs on. 
the Outfide, toward the Looking-glafs, is fixed a con- 
v.ex Lens, whofe focal Diftance is about 8 or 10 Inches^ 
(5.) In the Hole of the fame Plate, on the Face of thei 
Inflrumcnt, is fcrewed the Tube or Body of the Micro-- 
fcope, with its Drawer or Hiding Parr, as you there fee, 
(6.) On the Knd of this Slider is fcrewed a fingle Micro*. 
kope of the firil or fecond Fo;m, which I have before, 
defcribed to you : and thus you fee all the component 
Parts of this curious Machine as they are put together. 

Euphrcf, Well j but, methinics, I i^ould be glad to 
fee the particular Ufe of each' of thefe Parts,^ before we 
enter the dark Room, where I cannot fo well fee the* 
Manner of their Application. 

Clipn, This I can fliew you juft as well in a light, as. 
in a dark Room, the. Light is no Obftrudion to any 
Thing but forming a Pidiure of the Objc£ti 1 have pro*, 
vided a Board with a Hole of ttie fame Size with that in, 
the Window-lliutter, to which I ihall apply the Ma- 
chine in its feveral Parts fuccefiively. And, 

Fir/Iy I put the Looking-glafs through ilv: Hole of the 
Board, and then fcrew the Plate firmly on to the fame. 
This done, then, 

Secondly^ I turn the Pinion which nkovcs the Wheel 
with the Looking-glafs on it, towards the Sun, by whiclv 
Means the Rays of the Sun are rcfletSlcd from the Look- 
ing-glafs, through the fronvex Lens into the Room ^ as 
here you fee by the Experiment. 

Thirdly^ It is neceflary in the Ufe of this Indrument, 

th^t the Sun-beams fliould be made to jo ftrait acrofs the 

M ^ Room, 
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Uoom, or parillcl to the Fioor, and to fdJl pcrpendfculv 
en the oppofuer Wall or Side of the Room. Now there 
is but one Paiitioa of the Looking-glafs that will reflet 
the Rays in thnt Manncfj and therefore^ you fee here i$ 
a fmall Wheel, and Endlefs-Screw, fixed on the other 
Part of the Flare J for moving the Looking-glafs up and 
down, till it comes into the neceffary Pofitioji ; and then 
you obferve, 

F§urthlyy The Beams of Light are refra<^d through 
the convex Lens to its Focus, which, you plainly fee, if 
ar the Diftance of about lo Inches from the Glafs, 

Fifthly^ From the focal Point you obferve the Ray* 
proceed diverging^ and form a large Circle of Light oii 
the oppofite Side of the Room. 

Sixthly^ I fcrew on the Tube with the fmall Micro- 
fcope, and place the Slider therein, with the Objc^ 
intended to be magnified, 

Srjenthly^ This done, I move the Drawer forward and 
backward, till I bring the Obje<5t in the Slider within % 
fmall Diftance of the Focus of the convex Glafs, where 
you may obferve it is very much illuminated in the denft^ 
Part of the Cone of Rays : Then, 

Eigbthiy^ nnd laftly, I apply the fmall Magnifies? td 
the iiiigle Microfcopc, and by the adjufting Screw, move 
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€&fM. The firft Objed I IhaH put in the Microfcopc is, 
a trftnfparent Scale of a Sole-fiih — obfcrve its Image upon 
the Sheet. 

Eupbrtf. Its Image! 1 fee fomething prodigioufljr 

hrge, indeed ; and you amaze me, when you luy :t is 

only the Scale of a Sole : It appear^ at ieait 12 or 15 

Feet long, and 6 or 8 Feet wide j it fills alinoft tho 

Side of the Rbom. How thick fet with long (hirp 

Points at one End ! its Subftance tranfparent, and varie*' 

gated with beautiful Undulations. Were the whole 

Fifli magniBed in the fame Proportion, it muft furely be 
as big as a Whale. 

Clean, You might have faid, my Euphrofyne^ as big as 
a hundred Whales ; fince the FiAi, magnified as much 
9LS its Scale, would appear very near half a Mile long.-^ 
By this Inftance, you fee how Nature has provided for 
the Defence of the Sole-fifh, fince the external Part of 
every Seale is armed with thofe iharp pointed Spines, or 
Thorns. 

Euphrof, I have often obfervcd, that the Surface of 
fhofe Fim were very rough to the Hand ; but never knew 

the Reafon of it before,* What Is the next Objed, 

Clemcus ? 

Clean, I have diewn you the magnified Scale of a Fifli, 
and I will next fhew the Scale of an Eel, magnified in 
the fame Proportion. 

Ettpfjrof, The Scale of an Eel, Clecnicus^ that Ex- 
Dreifion feems to have a ilrange Sound : I am fo great a 
yirtuofif that I never before heard of, or knew there was 
ftny fuch Thins;. 

Cleon, That may be, and numberlefs others befides 
yourfelf are not only ignorant of it, but will not b^iiev^ 
it when it is tpld them : Nay, the Jews infift that it is 
jcontrary to the Mofaic Law, by which they are forbiddeii 
to eat of that delicious Difh, as they apprehend that Eels 
^ome under the Denomination of that Sort of Fifli which 

have no Scales : But obfcrve, on the Shee(, chc^ 

Pifture of one in its full Dimenfions and Perfedlion. 

* See a microfcopic View of the Skin and Scales of a Solor 
^(h, in oiir Mifcellany, Page 68 1« forDecemSerij^y, 
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Euphrcf, A prodigious Spectacle thii^ ^ -^ if \s nearlf 
31$ large as the ^c^ilc of a Sole, but of a very dtiFc^reni 

Form 1 its Subituuce feems ro be one cootmued Pjcce 

oJ Net-work, proceeding in long ovai Rings; as it u^te, 

iVom a cumiiion Center: -I oblcrve no Briftks^ or 

Points, in this, nor caji 1 tdl on what Part it grows oo 
the Body. 

CUon. Thtfc Scales, my Euphr&fyfi£^ differ from the 
Scales of common Fifh, in the following Pdrttculars^ 
firjj^ they lye not on the external Surface of thcEel^ but 
arc contnine^ under one common Covering, or Skmi. 
SfC'itidiyy they do not lye one over another, as the Scales 
oi' a common Fifh j but are placed one by the otber^ as 
thick as they can lye, through the whole Skin of the 
Kcl. Thirdly, their ret leu W Form, orNet-}ike Tcjtrurc, 
is I'uch as wc obferve in no other Sort of common Fifli- 
iic-ilcs ; bcfides many other Peculiarities which I Ihall 

cbferve to you at another Seafon*— ^ -You will next 

behold the wonderful Appearance of a certain tipecic^of 
EeJs thcmfeJvcpj real living Animals. 

Eupht&f^ Living Animals, CUonicuiI *^^ hai^t 

really fo much Lite and Motion, .ind njonftrous Size 
withal, thst I have fcarcc Courage enough to Iterp mf 
Seat, Who cottld have thought lo have teen, in a Mo- 
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Euphrof, Tbejr are everv Way, wDnderful, I find. 
-= WjiM do you intend to Airprize me with next, 

CUon. You will juftiy admire the wonderful Media** 
ijifin in the Eye of a Fly. 

Euphrof A glorious Object, indeed! — the finfeA Piece 

jrf Lattice-work my Eyes have ever yet beheld :' How 

grand and beautiful are the Worlcs of Nature,* and what 

frcat Variety in the Stru^urc of the ijimc Orfi|an ! ■ » 
n the Surface of this fmall Eye, I obfervc Myriads of 

thofft beautiful fix-fided Figures.-- Pray, CUonUusp 

what Purpofe do they ferve, in this vifual Organ, la 
the Fly? 

Cliotu We are not yet. acquainted with the Defign of 
Nature in every Part of her Operation : But I fhall re- 
commend you-to read the Conje^ures of fome of the beft 
Naturalifts upon this particular Subjed, rather than giv9 
you my own Opinion concerning it.* ■ Every rart 

of a Fly is equally wonderful, as you will ere long be 
fatisfied by the common Microfcope ; but they are not 
all equally proper Subje£^s for the folar Microfcope : But 
^he Wings of mofl Flies may be fhewn to great Advantage- 
in this Inftrument, particularly thofe that arc m^- 
branous and tranfparent ; nay» even the hard Wings of 
the Scarab Kind are fome of them, in the fmallcr Species, 
moft excellent Obje& for this Purpofe,—- fee one of them 
fUl the whole Side of the Room. 

Euphrof. Is this, Cletnicusy the Wing of a fmall, 

contemptible Scarab? This is a fufficient Inflance, 

tp prove how neceilary it is to apjdy the Inftrumentt of 
Art for giving us right Notions and juft Ideas of the 

Works of Nature. 1 think this is the richeft, and 

pi<^ glorious Spedbacle I ever faw, and can fcarce help 
looking upon it as the Height of Nature's Fancy, \n. 
Point of Qrandeur ^ — ^it feems all an embroidered Ground 

of. 



• Sec the magnified Head and F.yes of a Betf, hjfa IzrfsQoff' 
pcr-platc Print, with fome Account of it,, in tlie MiiceThn^r^ 
Page JC3, for January 1760 : And in my 6^//^ Essays you 
Wiltfindalarge AccountoftheNATUREdf VislOi^iniiisEeTf- 
explained in ar DilTeftioA of the Eye of the Uiilktt or Dra- 
gon Y\y. 
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of Gold, embofled and ftuddcd with Diamonds^ in fudi, 
beaucifu) and regular Squares of Cheques and Comj 
ments^ as nothing but an a£tual View of fuch a h\gh\ 
finished Piece could ever raife an Idea of* — Pray, ho*] 
large may the Animal be that is ihui fo richly bedeck'd( 
aitdadorn'd ? 

Ckon, This fmall Beetle you may htvc often ol>fervtd| 
crawling about upon rotten Wood, old Walls, ^c. of 
fo diminutive a Size, as not to exceed one Tenth, 
Two, of an Inch, and therefore efcaped your Notice 
But were thcfe Minute Creatures to become magnilicd it' 
once, tw9 thoj(fand Times in Length and Breadth, as w 
the Cafe of the Wing you now fee, what ftuperrdoEtt*] 
Adniiration would they excite in all Mankind ? -^ Tht 
highef! Wifdom hath dirc^cd you to contemptatc tlie 
Gaiety of the Lilly, and other fine Flowers of the G4f. 
den, with a Remark, at the fame Time, that S^Ifmmfi 
In all his Glory, was not arrayed like one of thefc* Bui 
ifp aa 1 faid, thofe Animals were to appear at l;ir;^Cj we j 
Should find Nature much more profufe in the Richneft^ 
of her Ornaments and Embclli{bments to thctn j and tibs 
the Robes they are inverted with, do far furpafs not ont] 
the Glojy of S^hmsfty but all the Pomp and Gntadeuf 
that all the Courts in the World can afford in Worki' 
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from the Clouds in the Middle of SmithftU^ on a Market- 
da]r, it would fcare not only the Ladies, but the But- 
chers themfelves, and find Oxen to feed on inftead of 
Flies. 

Eupbrtf. I don't know but that might be the Cafe, 
as I have known a Spider to have conquered an Ant, and 
devour it, though nearly as bi^ as itfelf : But enough of 
this tremendous Creature. What does your Mtcrofcope 
next difplav upon the Sheet \ 

CUm, a Spe^bicle that will fill you with equal Amaze- 
ment and DeligKt. — See Rivulets of fluid Particles run- 
nine over all the Side of the Room. 

Euphrof. What can this mean? I ^efs, by 

what I have heard you fay, that, this is the Circulation 
of the Blood in animal Veffels. — ^But what an incrediUe 
Number of Streams there are, and with what Velocity do 
they flow in every Direflion through the Scene I — Fray, 
C/iMtatSy what Part of the Animal is it that appears thus 
large and tranfparent, and in fuch a wonderful Degree of 
Motion ? 

Clion. It is the tranfparent Tail of a Water-Newf, 
' which I judge to be the beft Subjed of all for this Pur- 
pofe, and are found in every Pond of Water. The Tail 
of a Tad-pole will do nearly as well ; as al(b the tranf- 
parent Web and Toes in the Foot of a very fmall Frog ; 
the Tail of that Filh we call the Loach ; and many other 
Subje£ls may be innocently applied for this Purpofe, 
without thofe cruel and inhuman Methods, pra6lifed by 
fome who appear to have more the Form, than the 
Rationality of Men.* 

Eupbroji I abhor the Thoughts of Cruelty, in 
every Shape, and fhould rather be thought to have no 
Curiofity, or Tafle at all, than a vicious One. ■ T am 
thoroughly fenfiblc, by this Experiment, how the Blood 
flows dirough the Arteries to the extreme Parts, and from 
thence returns again by the Veins; I fee the very Form 
and Size of the Particles of. Blood : And therefore keep 
the Creature, no longer in fuch a Condition, which, tho' 

it 



* ThebaH>arotis Pra£lice of diJfeSing it ^roj^ a^w, to ttitw 
the Circulatioa of the Blood rnohe Mefcntery, is here lefcr'd to» 



igo THE YOUNG GENTLEMAN 

it may give me much Plcafure, mzy be very iiJleal^ ts 
ix£cU\ — fnow wait your fallowing Exhtbicjon. 

Cifirtn JCccp your Eye ftcdfail uj5on the Shtrt, au*J 
you will foon (cc a commtm Aaimal appear in <^ujtt a neat 
Light, 

E^pbrrf, This 13 a tcniHc Appcamncc* indeed : 

What hideous Moiiftcr do I fee? — How Jargc h\%l\ad^ 
bis joijicxxl Horn 5^ its btiLboas ^iy^^ ^nd monftrous Lcgt 
and Claws, the Motions of which arc very terrible ui 
Appearance !^ — ! fufpe^, by the Form, chat this frli^hcfuJ 
Creature is the Louse* *- But what U Kh^ red Spat I 
fee in the Forepart of its Body, attended with sa «dd 
Kiod of Motion? 

C/tfow. It is a living Loufe that you fee, ack) the Spct 
which you mention fhews the Place and Paliation of dsc 
Heart j from which, you obferve a Motion of a vital 
Flui<l through the middle Part of the Ahd^mtn^ or laff^ 
hinder Part of the Body : But you fee n</thjng like W: 
.Circulation of the Blood in other larger Animah^ by 
diftinft Arteries and Veins. How the Circulation eflfcc 
Fiuids are carried on in this* docs not^ even by this In- 
Arumenr^ appear** 

£uphrsf. Well j an ugfier Thing I fcarce ercr Cii*u^ 
they are Objeias of our A^erfion in their naeund MtnU^I 
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does.— ^I can likewife perceive, in the Body of this Ani- 
mal, a Motion of the Fluids fomewhat like that in the 
^Loulef.— But now for another Object, Clemiius^ if you 
pleafe. 

Cle§n, I (hall now entertain you with a few extraordi- 
nary Views of the vegetable Kind. — Look at the Sheet, 
and tell me what you think you fee there, my £»- 

Bupkrpf. You have fuddenly transformed the Scene to 
jfomewhat like a wonderful Sort of Stars,<-*-fome of which 
are opake, others tranfparent ; — they are perfed^ly round, 
and large as Cannon-Balls : — They are vaftly numerous, 
and make a delightful Appearance, truly.-— Pray, what 
•can it -be, of a vegetable Nature, that I iee ? 

Cleon, It is what the Botanifts call the Farina^ or that 
dufly Matter which grows on the Apices in the Middle 
of the Flowers, of which you fete great Quantities in die 
Tulip, the Lilly, and many others: But that which ^I 
Jiave in the Mtcrofcope, is the Farina of a Holyhock, 
- and is found in all of the Mallow Kind ; for in every 
Plant of a different Species, thoTe Particles have a pecu- 
liar Size and Form, as you may obferve at your Laifure 
in the common Microfcope.— Now. caft your Eye agam 
on the Sheet, and you will fee an Obje£t that will give 
you PjeaAirc to view it. 

Euphrof, This is a curious Phaenomenon indeed : ■ ■■ ■ ' 
This has, in Truth, the Appearance of Vegetacian 
itfelf :-— How beautifully coloured, and regularly brancbad 

and ramified in every Part I- Pray, what do you call 

this, CUonuus ? 

. CUon, It is a Species of a very fine Sea-Plant, x>F.Ca^ 
ralline, of which there are innumerable Kinds, and ait 
•make th^ fame beautiful Appearance you now fee: for 
not only the Earth, but the Sea is- produdive of Vege- 
tables, Plants, and Trees of various Kinds and Sizes ;- 
all which ailbrd the mod curiouS'Obje6^3'for cheMicra- 
fcope. — Again, you fee the Scene- is changed,- and an- 
-other Part of a Vegetable cxpofed to your- View.' 

t See a Print and Defcription of the Flea,- in ihe MifceUjfipy 
fof.^//, 1759, Page 7+. ^ .^;: 
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Eupbrsf. I thmk the Appcannce of it very Hue 
delicate ; but what it is, I csmmit ccmjcclurc^ ai I ney«r 
remember to have feen any Thing iii a Plain of ibti 
curious Texture. 

CU&n, It is a very thin tranfvcffc Slice of the Pith of 
Elder, and though we know fo little of the Ufe of cKtt 
Part of the Plant, yet you may be aiTurcd that fofDcrthin^ 
very coniiderable depends upon fo clcgiint, and quite a 

gtometricai Structure, The next Obje£^ has a fimilu 

Appearance, but the Pores much fmaller. . 

Eupbrof Be this what it will, it is v^ftly beau ti fill ;*^ 
the Pores^ it is true, arc much fmaller, and more nutuc- 
roas^ and therefore a mnre compai5t Subftarice tha/i the 
Pith ; but what Part of the Plant it can be, I anm mttcll 
at a Lofs to guefs as I was before. 

CUqh. This 13 a very thui Piece of Cork, whicli ywi 
know, i$ a vegetable Subflancc, as it is the outer Pxr t oi 
the Bark of a Cork-Tree j and though we cannot fo well 
tell the Ufe of thefe Pores in Vegetation, yet, a5 tlvey 
render Cork a foft and yielding Subftance, they make It 
a very fit Medium for many Ufes in Life^ particulairly i 
for corking of Bottles, and fundrj^ other Ufes for Fiftieth j 
men, i^c, — Another Object well defervcs your Notk^^J 
I^ok upon the Sheet, and vou will fee it. J^H 
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fate the nuincious Juices of the Earth to all the Parts of 
the Plant; and it is thefc that make the very Substance of 
the Plant itfelf, and coniHtute thole cylindric SbcJh of 
Wood which appear in cuiting the Tree afunder, each of 
which is the ProJui^ of one Year's Growth : All which I 
Iball more particularly difcourfe of, to you, at another 
Time.' " At prefent, thefe Specimens muft fufficc for 
the Ufe of tho fohr Microfcope, and for giving yon a 
jutt Ideft and Elleem for fuch an excellent Ihveiftioji, 
tmd which exceed aJi others of the optical Kind, 

Btiphriif ! am much obliged to you for the Trouble I 
have giVcft you, and for your Confinement fo long in a 
dark Roofn \ ^nA 1 iliall always look upon the Experi- 
ments of tli6 Microfcope, and efpccialiy of this Sort^' 
2s the mofl fublime and rational Amufemcnts of mf 



D I A L O G U E IV- 

The Defcrtption of <i M iCROSco pic A p p a r at y s, 
conjjting cf a Single, Compoinid, and Sokr 
Microscope iogeibir. 

A S the Minds of Men ate affc*aed with a Variety of 
r^ dfffeient Sentiments, in regard to the Manner and 
orm of Things dcfigncd to anfwer the fame Parpofe, fo 
the ArtilVj in order to pi cafe, is obliged to contrive hia 
Inftruments of many different Forms and Strut^ures; 
for his Mechanifra muft always vosy with the Fancies of 
Mankind i and nothing appears 10 mc a greater Inf^ance 
of Providence, than that Variety and Mutability which 
we find in the Judgment and cioftive Faculties pf the 
humsin Mind : For if all Men were . to hncy the fame 
Thing under the fame Form, and conftaritly to peHevere 
in their firft Choice, there would be biit little ^uiinefs foc>^ 
Men to be employed in, and the World would become a % 
I dull Scene, in Com pari fan of what it now is.^ hai^cc.^ 
atreaJy laid before you, the diflVr^nt gortfr af ^*^^Hl$ 
. Vol, U. O com- 
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compound, and fokr Microfcopes, %s they are ufual 
conAru<£lcct» and fold feparately by themfelves, ft>r 

i-iG ratification of thofe who chufe to have them in 
Manner ; — But as fomc People are fond of fingk S 
tures, and like to have every Thing by itfclf ; Co 
sre pleafed with Compofittoiif and chufc tohave as 
Pur poles as poJTibly can be aiifwered by a Set of loi^. 
tncnts in the lea ft Compafs : And to oblige fuch G 
tlemcn, Opticians have found out a Method oi 
bining the (ingle, compound, and folar Microfcope 
together, in fuch a Manner) that they aje contained i 

rinuch kfs Room, can be afforded at a lefs Price, 
make a convenient microfcoptc Apparatus in one porU 

[•Cafe I and to give you a dillm£l View of the InfUiLmcn 
thus contrived^ h propofcd for the Employaieat of our 
prcfent Hour. 

Euphr^f, Notwith (landing you have beeri lb kind 
to furniib me with all the Inltrument^ under the X>^ 

tjnination of Microfcopes^ yet I fiiall be obli^d to you 
for a View of that more compendious Form of an Ap^ 
ratus you have now mentioned ^ and fhall gladly recci 
your I nftry Nitons for the Ufe of it. 

Cltm. You fec» my Buphrafym^ they are all conlau 
in this Shagreen Cafe^ and are only the eifential Pam 
the three different Kinds of Microfcopes^ to be united 
Occafion requires, — Thus, the fmgle Microfcope is 
which you have of the fourth Form, {Plate 4.4. Fig. 
on the upper Part of which (at L) you fcjew dn 
Body of the double Microfcope, (Fig. a,) by the I 
Part of the Snout (F ;) Then, when the Diners 

^ applied in the Ivory Slider (H) on the Stage (G,) t 

Vmay be viewed by any one of the fix Magni tiers e 

4 tained in the circular Piece of Braffi (K,) as they 
fucct0iveJv moved and placed under the central Hol^ 
the Part (L,) ft nee the Stage (G) may be moved 

rto, or farther from the Part (L) by Means of the Slidiii|« 

'Apparatus (£ F) and the two Screws iff, *.J I'he Ob* 
)e^s arc illuminated by the relieving Mirror, (iVl J mo» 

, ycabk on the Joint (N,) of a Piece of Brafi ftxcd m 
2. Pillar (C) of the Miciofcnpe, And thus you 

- how eailly and t^eadily you form a compound X-licroU 
• at Pkafure* 



:ope 

I 

Afir I 
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^ Euphrsf It is with great S»dif^<5lron that I obferve iCf 
tnd which I Ihall frequently put in Practice 1 bui^ ?^^Yi 
CU&nkus^ could not the magnifying Gliiires be applied in 
a Slider, as they are in the fecond Form of fingle Mi- 
cfofcopcs? (PhteXLHI*) 

y €Um. Undoubtedly, they may* -ButeicKWay 

It fb eafy atnd coityenient^ that It is hard to ftty which it 
beflr: But, as you have the (lidin^ G tailed already in the 
Microfcope of the id Form^ I have chofc to give them 
you in the circular Plate in this* 

' Eupbref. Very good, Cltfinicnf; buthowdoy<Su pro- 
^cecd to apply this Angle Microfcope to the Compofiticjn 
of a falar Microfcope f 

CIt&n. 7 his is done with a great deal of Eafc ; for 
you have only to obferve, that on the external Part (A) 
of the Drawer (B) in the Tube (C) of the folar Microf-^ 
cope, there is a Screw; and alfo in the Foot (A 6) of 
the fingle Microfcope there is a central Hole (O,) with 
the Threads of a Screw cut in it, the fame with thofe on 
the Part (A) in the foJar Microfcope, and conftquently 
the Drawer (A) may be rcadiiy fere wed into the Hole 
(O,) and thus the folar Microfcope is completed, 

Ettphrsf I readily perceive it is; for, when the Plate 
{G P) i* faftcned upon the Window-ihut, theDilpofitioil 
of the fingle Microfcope Is horis^Hrtal \ and when the 
Speculum (M) is turned down upon the Pillar (C,) then 
the Rayi of Light remedied from the Lookiug-glafs (H) 
^^ without the Convex Lens at (D) they will, by its Re- 
^B^fradion, be converged in fuch a Manner upon the Obje^s 
^^in the Slider (H) as to illuminate them very ftrongly, fo 
^P^^that their Images, formed by the Glaifes in the Plate (K,) 
^V* may he fufficicndy viftbte in their various Degrees of 
^^' Magnitude on the opp«ftte Side of the Room.^— *This 
1^ is, indeed* a very fimple, aitd, at the fame Time, a very 
^i^ artful and elegant Compofition of opticitl Inftrumtnt^* 
^P^ Pray, can any Thing further be expe<fled to aiUft us in 
viewing the Minmti^of Naturci be fides the Inilruments 
you have now defcribed f 

Ckfifi. I am greatly pleafed to find you inquifitive | 

many People of a lefs happy Di^pofition would hav« 

thought I had htrangued them full long enough on this 

Subje^ : But, as I have often told you, 1 wn 

O a dtttr< 
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dcEermined that nothing (hall cfcapc ytaar NoCace winch 
13 dcfervijig of It, and iSj ^t tha Umn Tiitic, in my 
Power to lay before you ; and tliercforc I IhaJl herdlm 
fupply you With other Ways and Means for viewing GiiaJI 

Objcifls: 1 mean^ by ihore ln(trumtnu we tasef 

properly call catoptric Microfcopcs^ ot fuch where the 
Vifion of Objedfe is cft'e*5ttd by reflected Light; And 
you muft kno\y, and I doubt not but you will then 6tid, 
hy Expertence^ that thiA is the maft cx<]uirite an4 p«r* 
fcB: Kind of Vifion that Nature liFords ; For dl tfae 
Microfeopes that wc have hitherto been contcmpUcmg 
the Nature of, confift of Lenfes only, and produce their 
Effedh by refracted Light ^ therefore the Vifroti of an 
ObjedVwill beiniperfc<a upon two Accounts, the fiift i«^ 
becaufe the regular RefraiStion of Rays will be obflrruded 
by the Ftgure of the GlafK ^ becaufe the Rays which go 
through one ParE of the Glafs are not rcfrafl^ed prmfeljr 
to the fame Foint with ihofe which pafs through An^chef 
Part I and therefore every individual PotJit m dte Obje^ 
eannot be rep re fen ted by a fingle Point in the Itnagrj bat 
will be, as it were, dibt^d into a fmall S(>ace, and, caiw 
fequenfly, the federal Points of the Object wiU be coo* 
fufcdly blended together ia the Image ; then^foic H mutt 
not be viewed bv a Gbf^ that mafrnifiefi mmi miltK. Uft 
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and fome to another: Or, in other Words, fome wiU 
be more, and others lefs refrad^ed, and, confequently, 
the feveral Points of the Objed will be very much dilated 
apd cx>nfured, in the fame Manner as' I faid before was 
occafioned by the Figure of the Glafs; butin a much 

higher Degree; Nor is this the only Misfortune of 

refra^ed Viiion arifing from the Rays being differently 
refrangible ; for each particular Sort of Rays that are 
contained in a Beam of comiaon Light, will, at the fame 
Time, a^ differently upon the optic Nerve, and produce 
iiifllerent Ideas of Colour, according to its dtfFerent De- 
gree of Refrangibility ; and therefore one and the fame 
Point of an Objcd\ is not only, by Rcfraftion, multiplied^ 
as it were, into many Points ; but is likewife diverfcly 
coloured in each of thofe Points in the Image, and, con- 
fequcntly, when the Image of any ObjeS, formed by 
thofe GiafTes, are viewed by a very deep Magnifier, they 
will appear not only very indiftin£l and diftorted, but 

varioufly coloured at the fame Time. Upon all 

which Accounts it is eafy to obferve, that we can arrive 
•at ^eater Pewers of magnifying fcnall Obje£ls by fingle 
Miicrofcopes, than by compound Ones ; bccaufe, in the 
former, we view the Objcfl itfdf, and in the latter its 
imperfefb Image :—— But as one of thofe Caufes of 
the ImpcrfcdHon of Vifion is much lefs by refle^ed 
Light, and the other wholly avoided, it will, frdrn 
thence, appear how much preferable a Catoptrk Micrsfcope 

is to a Dioptric One. But, that you may be "appri^^^ed 

hiOrc thoroughly of this important Subjcft, which is the 
Foundation of the Theory, or Dodlrinc of Colours ; I 
maft take another Opportunity of inftrufting you therein, 
hj fuch Experiments as I make no doubt will afford you 
■a very agreeable Entertainment, as well as'' give you a 
more accurate Infight intoth^ Nature of Vifion, and the 
Perfeftion of optical Inftrumerits ; efpecially that Part 
we call Telefcopes, the Nature of which cannot be wcH 
fjpderdood without it. 
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DIALOGUE V, 

Of the Colours pf natural Bodies, and &f ihi 
Rain-Bows, illuftrated ij ExpmminU nf th 
Prism, &c. 

Euphrsfyne* 

WHEN wc hfl convarfed together^ you r^ifed my 
Expefiation in fcgard to the Theory of Colotin, 
1 think, you then told mc, that the diffcrtnt Refrajigi- 
Vility of Rays was the Caufe of Colours in all tlie yariout 
Obje£ls we view, and that the Proof of this was eafy for 
use CO isndcrftand, by Experimems : If this be fo^ Clfmkm^ 
nothing will etjual the Fleafure and Happmefs which the 
prcfent Hour will afford me, 

Clem* You will iind ty^y Thing I have faid, relative 
to this Sybje^t, to be true.. * - As the Pride, Gaiety, aqd 
Beauty of Nature appears morcjn the rich Variety of 
Colours, thai) in any one Thirg befides, and fcem as if in- 
tended m a particular Manner to plcafurp and adorn yowr 
St'X i 1 knovf of nothing that can prove more a f»r^i for 
a Lady's Study than the bcautifyl Dodlrine of theCotours 
of Light, and which is mofe eafUy attai|ubk by Expcri- 
ments of the Prifm* 

Euphref, I have partly experienced already the Truth 

of what you now fay.- You remember very wcU-j 

when we were Children, how often wc diverted ourfeives 
with the beautiful Colours that wcohferved in the Prifm, 
that my Father had in his Study, and hc»w often we de- 
lighted ourfelves with viewing the cxquifite Circla of 
coloured Light, which we always obfcrvcd in thofe tlii|i 
Bubbles which we blowcd up out of Soap- water with 
the Shaft of a Tobacco-pipc."-^-l little thought then 
that rhefe were bub}e£ts of fo curious njid philofophica) a 
Nature, as J now find they are,-*-Tbc wonderful Colours 
pf the cekliial Bow, in like Manner, ftrikc every one'^ 
Eye I but the Phaenomcna of Colouj^, beautiful as they 
are, are more generally the Subject of Smjf^ than of l^ 
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CUon, All the World » as well as you, might have 
faid this h^or^ Sir /fa^t Nfwiens Timc^ they aJJ admired 
the Variety of Jiatural Tiots and Colours, but never un- 
derflood tic Reafoi* of itj though many of the Philofo- 
phcn attempted to difcovcr the Caufe of Colours, and 
.parcjcularly to account for the Rain-How, no one wa3 fo 
happy as to fuccecd in that Enquiryj before Sir Ifaa^i 
his great Sagacity in reafoning about natural Thmgs^ 
after he had obfcrved the Efte£ls of the Prifm, and found 
that a Beam of Light was variouny refrained through it, 
concluded, that ihh difTerent Refrangrbility of Rays was 
certainly the Natural Caufe of Colours, as I obferved to 
you at our lalt Interview, 

Euphrof. In what Manner did he proceed to confirm 
thi^ Difcavcry ? 

Clion, I will i!icw you fomc of his Experiments^ in 
the darkened Room, with the Prifm, and then you will 
be better able to judge of this Matter.— For this Purpofc, 
you have nothing to do bur to cJofe the Window- fti utters, 
admitting only a Beam of Light through the Holcj as 
the Sun now mines very favourably for that Purpofe, and 
I have here an Apparatus to place the Prifm properly in 
that Beam of Light. 

Euphraf The Windows arc clofod, as you dtre£led, 
and the Beam of Light dans through the Hole to a great 
Diftancc on the Floor. ^ Where is now your Prifm, 

CUort, I place rt in its proper Frame on the Table, to 
receive the Beam of Lights — and now you obferve how 
beautifully that Beam is re^fted into alt its^ particular, 
and differently coloured Rays* 

Ettphnf, A very line and wonderful Spectacle, indeed ; 
*-l fee the cylindric Beam of folar Light pafs into the 
Prifm ; — From thence, i abfervc it prfjceed dilated and 
Varioudy coloured to the other Side of the koomf in 
Rays which paint an amazing Spectrum of Colours. 

Citfifs. This is the coloured Image of the Sun, by Rc- 
fradion, thrown into that oblong Form r — But it requires 
to be better defined; that you may view it more diftinctly, 
and to give you a better Idea thereof, I ihall make the 
Rays pafs through a Lens, applied to the Hole of the 
VVindoW'lhutter, and from thence, falling on a Look- 



04 



in; 



,2ce THE VOUNG G£NTLEMA)f 



I 



jfig^gUfs properly it^clined on the T;ihle, Hull depict ibc 
€un's Im^ige on the oppofuci Side of the Wall, 

Etiphref I kt jt; aitd an ^cu»ti9 beautiful Cifdc 
it is. 

Ci^^;i. ^! (hall now remove the Lookitig-g^ft, «itd 
place thePrirm in its Steady and you fee thedrcutir Sm 
j\Q longer continues, but is now transformed^ by R^ 
fra^ion, into the party coloured Spc^^lmm, and is now 
fruly and tiicely dcimed in the Focus of ihe Lens^ — 
This Spectrum isftiJl of the fame Hrcadth with the Sun% 
circular Image \- — it is only dilated in Leaglb, arul is cir- 
cular at Top and at BottorD« 

Euphrsf. Thofe Pax ticulars evidently ^ppcsLf,— I h*vc 
been endeavouring to count the Nunabcr of difierent Co- 
lours, and think 1 can count five pretty diftln^y j*— fof 
ftU the lower Part appears of a Red, gradually declijung 
into a Yellow, — to the Yellow fucctuJA an intenfe Grorn^ 
*^-above that a bright and lovd^ Blue^ and^ on the up* 
per Part of all, a foft, but glorious Maaarine, or viplct 

E^olour, — ■■ ■ I never faw Colours in fuch Perfe^lioa 
efore. ^ 

Ciian, The Reafon ts^ beciufc you never fee them i^ 
fo fimple a State as now ; for the Rays of Light are geiK* 
jrally blended, more or lefej by Refradiott and R ~ 

r . .1T».1". .1.1 r. t' rf^i 
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Cktn. One nrjight imagine that it would be fo, but 
ive fijid the Contrary by Lxpcnment ; — for by a Ircns of 
a fhoftcr Focus, together with a Prifm, I wiJl fhew you 
the coloured Image, oi\ a Screen, placed in the Middle 
cf the Room, fuiHcientJy large to receive the Whole, 
and m the Screen there is a round Hole, through which 
the Rap of any Colour may pafs, by moving the Screen 

«p and down upon the Stand.- — Thus^ for Inflance, 

I place the Hole againfl the blue-coloured Part of the 
Iniage, (o that none but the blue Ra^s go through it^ — 
and then you obfervCj on the oppofite Side of the Room, 
thofe blue Rays, after they pafs the Prifm, make only a 
blue Image^ — that they are refracted, jb true^ from the 
Di ration of the incident Rays ; but ihey are not dilated^ 
or fepaiatcd into different Sortt, as by the firft Prifm the 
common Beam of Light was:< — The fame will be the 
Cafe when 1 move the Hole of the Scrroi to the ycMow 
Kays ; — for now, you fee thofe Rays, failing on the 
iecoml Prifm, arc refracted to the Side of the Room, and 
there make a yellow Spm oniy, of nearly a ciicubr Form. 
And this I might fliew of all the re 11, 

Euphr§f. Thefe Experiments feem to be curfaus, and 
cxquifitely dccifivc ; 1 plainly Icarti from hencCf that the 
Rays of the Sun's Light arc the Grounds, or. naturaJ 
Caufe of Colours, and that they arc very differuitly 

rcf tangible: -But how comes it to pafs, C/ionkus, 

jhat we fee Bodies varioufly coloured in Confequencc 
of this? By looking in a Prifm, we fee all Bodiet 
varioufly coloured j but in Glaifej or tra nfparcnt Bodies 
of other Forms, we ice them in their own proffer Coloun 
only, 

Cle$n4 The Reafon of this is founded in a Phyftco-mar 
thematicaj Theory of Refraction,* refuhing from the tw 

Stdei 



* Which fee in our laftitutiont of Dkpiria.' 



— And, for 
farther Uluilratlon qf this Suhjc^t, wc have added a Coppcf- 
plate Print ('^/a:, PUie XLV) in which the Expcrimenti abiJve 
' tncntidned arc feverally reprefented, by Be:tms of Light en- 
tcHog the dark Room thro* optic GhfTcs* and rtfraikd thro* 
j^rifms, in the Manner as there defer i bed ; fo that, we appre- 
hend, nothing farther is ncccilary for ^Jfplanatpa, but bare 
Jiifpcftion, 
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Stdc9 of 9. Prifm being iacltned to each otho' i but in anjr 

other tranfparrm Body, whofc Sides arc p^ralldj oc^ 

neirly fo, whatever Alteration wts made by Rtfrshu 

at the firft Surface, is rcverfcd by the Second, and co«- 

fcqucntly, the rcfra^ed Rays arc in the fiunc Stale 

the inc id en tones, and, therefore, make no Alcerauon IQ^ 

the Appearance of Bodies in any refpcO* But here wc 

jntift except the Figure of a Globe ^ for the two oppofite 

Sides of a Globe mujl be confidered, net ai piralleJ, but 

inclined^ and thef cforc will prodijcc a Rcfra^ion of Rays 

in the very fame Manner wiih the Prifm. If Rsys of 

Light fall on the Surface of a Glafs Sphere liUcd with 

Water, they wtU be rcfra^ed to the other Side, and tbcfc 

ftcw a coloured Spot of refracted Light j from this Part 

the Ray$ will be refle^ed to another Part of the lower 

Surface, and there be refra£led a fecond Time into die 

Air, and dikted into all the dtflferent colour'd Riyi ; 

fo that if a Perfon's Eye was placed under fuch a Globe, 

to receive the Rays after a fecond Rcfradion, he would 

obfcrveall the diifcrent ColoufB appear in that Giobe^ 

Euphr&f I ibould be giad^ mcchinks, if not too 
much Trouble, Climkus^ to fee this illuftratcd by Ex- 
periment, for bare DcfcriptioA conveys tu>t fo clear 
An Idea. 

CUm, I was fully aware of that, and iIk rcforc hafC 
provided, for you, a Globe filled with Water, 
which I fhall fufpend in a Sun-beam, at fuch a Hrtghl 
that you may raftly obfervc the Phenomenon that t men* 
tion, — Sec, there it hangs; — and receiving the Light 
the upper Part, refradtf it from the lower into all ll'i 
different coloured Ray$, and thereby making a Circle of 
coloured Light on the Floor^ very much rcffmbllng the 
Rain -bow. 

Muphrdf, There are, indeed, all the Colours of 
pow i and a glorious Phacnomenon it i$. 

Cifott* It will now be cafy for you to ohfcrvc, that 
you place yourfcif in fuch a Manner, rcfpc^fting thcGlol 
that the Rays of Lighf of difFirrent Colours, may fill 
celTivcIy fall upon the Eye, then thofc diflFerent Co*i 
will all appear in the Globe, which before made 
yaricgated Arch upon the F Joor. 
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Eufhr&f, I will place tnyfelf as you direfl^-^^^And 
now, as I mo^fK^ my Eye, 1 fee the feveraii Colours 
TtiCceed ^ch other in the lame Part of the Globe, agree- 
ably to what you have faid. ^I fuppofc k is from 

hence that you are abk Co explain the feveral Colours of 
the Rain-bow, 

Clesn. By this Experiment you undeiitand the Reafoi 
of that Part of the /n'j, or Bow, which contmins the 
Circle of ftrongcft Colours^ and which we cmphaticaUy 
calJ xY^t^ Rain-hmi \ for if this Globe of Water was placed 
«loft in the Heavens^ it is very evident that the Sun- 
beams would be there refra£%ed thro' it, as they axe here | 
and then, fuppoft your Back was fumed to the Sun, at 
At now iii, then your Eye^ remaining fixed, would pcr^ 
ceive only one Colour, fuppofe that to be the firft or 

red coloured Ray ^ then« fuice the Orange is rc- 

fradteJ a Jictleabove the £ye^ if the Globe was todefccnd 
through a littEe Space it would caufe that orange Ray to 
fall upon the Eye ;~by defccuding a little lower, the 
yellow Ray comes upon the £ye ;— and fuppofmg the 
Globe to continue defcending, the Green, and Blue, the 
Ifidtcp, and Violet will fuccertively pafs over the Eye, 
and confcquently you will obferve, in the different Parts 
of the Heavens through which the Globe defcends, the 
different Colours of it's fevpral refraded Rays refpeftivcly ; 
■ and therefore, fince in a Cloud, on which the 

Suncajiffaine, the Globules of Water ^ill each of them 
refra£t the Light in the fame Manner thi» larger Qlobe 
does, and confequently fome of thofc GlobuKs will be 
in that Pofition that will caufe the red Rays to fall upofl 
the Eye,*— -others, next to them below^ will fend forth 

orange coloured Rays to the Eye ; ^thc Drops nexl 

to them will caft a yellow Ray to the Eye, and thofe 

ftjcceJIively in order below them will refract the blue, 

indico, and violet coloured Rays to the Eye;^ — -ncl 

^hus, in a ceruin Space in the Cloud, all the Colours 

will appear j^ and fince, under the fame Anglr, 

the fame Phenomena will be produced, therefore a Circle 
of this vaxious coloured Light mult neceiTariiy be pro,. 
fJuced in the Cloud. 

Euphrof I think, I pretty clearly apprehend you, far 
(he Riimnah gf the brightetj |J<&w j but there is ooc whicJi 
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we comtBonly call the fVenir*Gsili which is a 
Circle of Colours in a fufierior Situation to the Dtbcr«— 
Can you gire me any Idea, Ci»m^ui^ ham tliJ9 comes 

%,\ GUsm. I will endeavour at k, my E^phtafim. ^ f o 
order to this, you muft underiland^ that the Rays of the 
&im in this Cafe fall upon the Gbbe in the lower ^mt, 
frum wJicncc tbey are refra^ed to a P^rt behind in tlie 
lower Hcmifpherc i^ ^from thence, after two Reflec- 
tions, they are thrown to the fore Part of the G^oiie, u 
fisme Dtftance above the iiicldcnt Rays |— lafHy, Hmtk 
this Part they are refradcd out of the Globe tn atl ibaJl 

different coloured Species to the Eye: aod thb f 

&al[ Haew yoa by Experiment; for now I will ^ir«d fhe 
Beam to the lower Part of the Globe ;— — then yon 
ice {ilainJy the coloured Spot bciitnd, to which it a 
*rcfra£led, then cafting your Eye on the upper Part yuft 

ice the Point to which the Beam is feAr^ed;^ fnm 

whence it is a fecond I'imc reilctlcii t^ the fore Pan of die 
Globe I and from thence, you fee it a frcond Tin* 



refracted out of the Gbbc into the Air, and the 

thereby di0ipated into 3I) its diFercnt colour<^ Rayt: 

And now you plainly fee, by the Coloiirs on ife 

Floor, as well a£ from the Reafon of thti Thtmr. tb^ the 
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have been a ftonny* or a rainy one, that I might hive 
feen tbr Bows juft now in the Heavens, while the Thing 

h frefh in my Mind. ^This LetSlur^? k mo(t proper 

b in tfie Spt'ing Seafon, when April Showers fo frequ(?ntJ)* 
Borefetit us with this Experiment) at large, in the fable 

P^ CIt&if. You ftill Have jo^r VVJfti, my Eupfyr'ijyne^ irt 
every Sun-ftiiny Day. ■ ^ For here you fee a beautiful 
Inftrumcn^ which is called an artijic'wl Fountatw^ 
whh a various Apparatus for making difterent Kmcl^ of 
*Jft dtBsut\ amongft which, one ts particuhrly defi^ned 
to throw up many fine Streams of Water to a great 
Hetghtj which, as they fprcad very wide, tnjx and b!en4 
together in their upper Part, and fi>tm a beautiful Shower 
of artificial Rain; and, therefore^ when I fet this Foun^ 
tain in the Sun, and let it play^ if you put yourfclf in a 
proper Pofition, you will fee, in the defcending Drops of 
the Shower, the fame Appearance of refratfled Light, 
3tid, confcquently^ the two Bows formed in the fame 
Manner a5 in a natural Shower, 

Eupbrof Such an Experiment will give me great En* 
tertainmcnt ; tut you muft te!I me in what Situation I 
muft put myfclf^ in order to view it. ' 

Chon. This you will know by only confidenngfj ihat 
the Rays go into, and come out of the Drop on that 
Part of it which is next the Sun* and therefore^ that the 
immcrging Rays may fall upan your Ere, your Faes 
tliufl be directed to the Shower, and, confequently, v ■ 
Bnck to the Sun.^^Therefore, when you fee the Fi j,^ 
tain playing, you moye one Way or other* 'till )'our 
Shadow points dircftly to it, and then you will obfer\*c 

the curious Appearance of the Bows. ^See^ now the 

• Fountain plays* 

Bu^hrvf It makes a nattir^l, and large Shower, indeed 

*^ My Shadow diredls me to the proper Pofuion :■ 

And now I truJy fee all that 1 could wtfh for -The 

Colours of the Rainbow, v-^tj ftrong and vjiid — thofe of 
the Water- gall, languid and faint-~The Colours ofeach 
in an inverted Order.* — ^But what furprizes me moH of 
all, Ckonkus^ is that when I know this i±rtificia! Shower 
ii (o near me, the Bows appear, notwithftanding tiiat> 
us far t>IF, and as large as thofe that wv really £ee m tht 
natural Showers 0/ Rarn. 
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CUm, The Reafon of this is* bccaufe the Sic^. ' '- 
apparest Place of all Things that wc obfervc in ti . 
there the Moon appears as well as the Stars, and there 
the HdQ appears about the Moon, though formed ir» the 

thick Fog of the Atmofphcre, near the Eye. . ? v 

the Laws of Optics thefe Things muft be fo j aiwi 
fee the tvMt> Bows, that arc not above 30 Feet froai 
find, in themfeives, verjr fmall, extend toval\ Dime 
and Di fiance in the Heavens. 

Eupbr&f. I don't kjiow that I ever faw an Ex peri . 
which aJForded me greater Fleafure, and, in it* ownK 

Cure, fo curious and fubUme. What a w 

Scenery of Nature is here difplay^d t Surely the Docli 
of Colours is highly worthy of ^yt^^ Perfon*^* Con;, 
plation* 

CUen* And yet, when we confider that though tholf 
various Beauties of Nature are the common ObjefU of 
Vifion, bow few there are that undcritand the Reafoa 
them» and how much fewer ftill are any Ways toxic 
about tt ; it muft appear a wonderful Thing to cvc 
rational Man. — Not only the LadteSj but Crend< 
love to fee themfclves rendered confpicuous by Garmoii 
and Habits of difFerent Colours and Dyesi but if tb( 
Colours are deemed fg great an Ornament to the P< 
liow much more will the Knowledge of the naturil' 
Caufes of them ^dorn and become the reafonable Mind. 
-^If this be ncgk^Sled, the Piae&ci has a much 
CUim to Pride, from the Decorations of Nature^ thj 
any of the human Species, whofe Colours are, at \ 
Vut mixt and imperfe^» when compared with the 
nuine and fimple Colours, intenfcly heightened in 
Plumage of that flately Bird. 

Buphrcf. I rauft confcfs^ though I have no Ai 
to moderate Gaiety and Drefs, yet the Rational/ of 
Colours I wear, give me a Satisfaction and Pleafurc of 
much higher Kind ; for now, I not only put on 2 rfdf 
filhw^ or biue Rlbbm^ but they give me Occufion, at i__ 
Ikme Time, to refieiSI on the Reafon why they arc fucbf 
and thereby double my Pleafure in the Ufe of thrm, 
For I ohfcrrved, while you were {hewing me the Exi 
ments of the Prifm in the dark Room, that wl 
OhjeA was placed in the refra^ed Beam of coli 
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Light^ appeared conltantly of the Colour of lUofe Rays 
that fell -upon it, becaufe thofe Rays were alone rtRt£tcd 
to the Eyt} and, therefort'i in regard to any Colours in 
Objc£is by ReEcdlion or Refra^ion, 1 am taught, by 
thefc Expcrijncnts, to underiUnd, that they proceed only 
from fuch or fuch particular Sort of Rays, as are reHe^t^d 
©r refra^ed to the Eye* 

Ciim* You apprehend this Affair very happily; the 
Thing you mention comprehends near the whole Rutifinak 

©f the Docirinc of Colours when Objects refled ot 

refra£l the Rays fingly, they niuft neccflarily appear of 
the Colour proper to thofe Rays ! ■ ■ but fome Sorts 
of Matter will refie£l one Sort of Rays and rcfra^ 
another | and therefore appear of one Colour by Reikc^ 
tion, and another by Refra£lion ^ thus, for IniUnce, 
Leaf- gold refleds the yellow-making Rays^ and there- 
fore vELtow is its common Colour, but it tranfmJts the 
green and the blue Rays» and therefore appears of an 
^zure Cakur^ by rcfra^ed Light. —- Such Bodies as 
throw up all the Rays promifcuouHy muft appear whitt^ 
which is the natural Colour of the Sun's L*ght^ where 
all the different coloured Rays are uniformly blended 

together: ^On the other Hand, fuch Bodies as 

imbibe all the Light, and rcfleft little or none, appear 
of a dark, or black Colour, if I may ^o fpeak, for in 
Strictnefs of Speech, Blacknefs is the Abfcnce of all 

Colour, rather than a Colour itfelf: Laftly, as 

two or more different coloured Rays are reflected and re- 
framed from Bodies they will exhibit a compound or mot- 
ley Colour, and thus all Variety of Colours In Bodies 
tnajr be readily accounted for by the different RefrangU 
biluy and Reflexibiljty of Light. * But I muft re- 
commend to your Perufal fome eafy Treat ifc on this 
Subjedl, which will farther enlarge your Ideas and 
Notion of the Do(^rine of Light and Colours; the 
principal of which is Sir Ij&a£ Niwtnt's Treatife of 



• The Reader may alfo pleaJe to perufe oar Issfiiintiofti of 
Diorriifcsi efpecially the pcpular Part ; alfo Chap. VJL on 
liK Subje£l of pnTmatic CQlourf, |). 140.— Aad fartheiv i<ii 
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kjiphr^f. Well ; 1 have pretty ^^\ tifxd you for diii 
Time; I (hall perufethat great An thorns Booki and OuU 
not be a Ifule proud if there be any Thing m hk Writ- 
itigs that rcAli pretend to untJcfJIand, — ^ Pray, Ci^mtnti 
what is to be the Subject oK our next philofbphical CoA^ 
fcrcfice ? 

C/fifTi- By the prcfent Experiments sm^ DifcouriVi I h»ve 
endeavoured to prepare you for underftandrng the Doc- 
(riiic and Rathnale of T'^Iefcopes, the diffetent Formal 
Conllf u«!>ionj ajiU Ufes of which 1 fhall dlfcourie of Iti 
you ^5 Opportunity will permit, mnd which, 1 rr^ikc no 
Doubt^ wiH prove Subjects of agreeable Entertainments 



DIALOGUE VI. 

On (Jbe Orightai of T ^l^bcop 2,%\ aitd ibeirjentrat 
Naiuue, Kinds, nndXJti^ expfmned. 
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Euphr^fyHf* 
ELLi Ckemcusy here h sm lUul^ious Appeaf^ 
aiice of various Kij^<is of Inftruments^, niollaer* 
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which the Eyedotie Is not fitted to difcern ; thefe I have 
obfc-rvetl to be fuch as are exceeding fmall, and others 
which arevtfry remote ; for the Limits of natural Vifion, 
are» on one Hand, the Dlftance of about fix or feven 
Inches from the Eye i ami, on the other, an Angle of 
about one Mmuic of a Degree; unlefs diftant Objects 
are fecn under, an Angle greater than that, they cannot 
be dillin«itly viewed by the Eye; and though the Word 
ITfL/ctfpe is general, and comprehends all GlaiTes that tend 
to improve ViHon^ yet Cuflom has reftrained it to meaii 
that particular Sort only, which relates to diftant Ob* 
je&; fo thar> by a Telescope, is ufually fignified an 
Inftrumrnt that perfect? the View of diftant Objects. 

Eupbrd. Is the Invention of Telcfcopcs of antient or 
modern Date I 

Ckon, It is certain that it is not of very antient 
Date; the famous ^(f^ff Bacm^ before ti;e Year r300* 
was the fn^ that we find making any particular Mention 
of Inftruments for magnifying fn^all Objc*5^s, or making 
very remote Obje£^s appear pbinly to the View j and it 
IS worth, while for you to be acquainted with fome of 
his Expreffion^, to this Purpofc^ which are as follow^ 

for thus Linfis and Btemlums may he pgurti^ that 

pn£ Qhjcif may he mulilpUcd 'tnt9 many^- that ihefi 

which are pofiud at a great Dlfhrna may hi made is appear 

^ery mar t ^ — - ihm thiife. which are Jmall may btmadi U 

apftar very large^ and thajV which are tbfcun u appmr Vfry 

plain |— and ue can makt Stan is appear where we 

wilL-^^-One would thijik, from fuch kind of ExpreiHons 
as thefc, and other Trafls which he wrote upon t^c 
Subje^ of Vifion, that, this. Author niufl have been 
well acquainted with the Nature, Conrtruflioiij and 
Ufc of Tdefcopcs, and all the GiaiTes which compofe 
them^ But our modern Critics in Optics* deny hini 
not only the Invention, but even the Knowledge of 
any fach Conftru,dion as we 41 prefent call Telcfcopcs. 

£uphrof 1 cannot fay but I {hould at once have con* 
eluded tl^^t Jigger Sacon^ by hU Manner of fpeaking, badi 
been an excellent Optician j but if he was not, can you 
tell me^ Ckmiats^ who was the Author pf ip irfeful an 
Invention i 

Vot.il. P 
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CU&n, I do not wonder to find you fo very i^iticiibr 



in Cnqumog after the Inventor of fo excellent ain InDTi^H 

ment.i —The great Hucenius fays, f^/rt itt |^^ 

Opinhn^ the M^tt md htdBjir} &f Man has mi product^ avj 
Thing fi m^ky artd fi zmrtfjy af hh FmuUUi m thh Sm 
ef Kn&whdgi^ (vie, of the Tehfc^p^] j infimmh^ thm if 
Sny particular Perfon had been fi dUigint and fagnchut &s 
rnvmi this Inflrummt frmn the Prinaphs of Nmm't a 
Geometry^ for my Pari^ I Jbmtd harue iheught his Ahiiii 
Wire man tknn Human ; hutihe Cafe isfofarfr^m this^ 
the m^fi karntd Mm have mt ytt bifn amt fuffitmaiy 
ixphln thi Re&fm if the Efft£ii ofthii cafual Invmtim 
This Author further adds, that though the Invent 
of this Inftrument was certainly cafual, yet yamer Mteth 
a Dutclmimtf is fuppofed- to be the firft InvmEori 
faid he^ to my certain KnowledirCj Tclcicopci wcne 
fcefore his Time, i^/z. about the Ycarifio^^ ztMidtffek 
in Zfalffvd^ either by * John Upferfieim, or Zathary 
yatfen; notwithftandmg this* it i* certain, tbn B^ 
ti/fa Parta^ m his Book of natyral Magic, fevcial Yeifl 
before, had delivered fome Sketches of m<i Art of mdcilig 
Telefcopes, but what he had dcMie in that Way 
mcreiy accidental^ ajid not the Effc^ of any SkiJI 

Dioptrics* After the Fame of tlie 2>uUkT^c(t 

began to fpread Abroad, it foon reached the Ear of 
famous GaJiit'&y who being a confidcrabk MachitnaCici 
fet about improving the riidc Forms of the firft Invtaiioi _ 
and foon m^e them in that Pcrfe£lion that hc^ the firft of 
Men, difeovered the Satellites of Jupster by One 
of his own making, ajid after that Time they became 
common, and fooi> made their Way into every C«mer of 
tfjc learned World, 

Euphrof By the Accounts ycm have now givett» wkh 
evermtghc, at nril, cafually hit upon theConlliii^<mof 
what you call Telefcopes, yet it appears, that GaUiev w» 
the ikft who Improved it into any of the Forms coir m 
life* Pr*yt h»^'^ F<^ ^f*y Telefcopes, af the original 
Ccmftru£bon,. by this famous ItGitan f 



* There are two efegant Points of rhefe two Invetnofj of tk 
"TeTefcop*, from the Pafmiag* of BtftcKWAit, tn^hielk thcif 
Names are Z^^tt^hiAS Jansem, acd Hans LiPriitat y. 
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CUm* We have one of the Form he firft contrived^ 
«nd it is the moft itrnple, as well as the moft diitiridt of 
all others j^— and, lo this Day, is called Galiieih Telc-» 
fcopei of which I ill all, by and by, give you a more 

■^^arcictilar Account of its feveral Pitrts v But as thi« 

^Is fuch an intereiljng and curious Point, I cannot but 
^think you will be pleafed, if I give you an Account, in 
'xh own Words, of his Improvement of this Invention, 
'hich hepubli^cd in his Book entitled, Nundus Stdtrem^ 

\\ March^ 1710, as follows; ** Near ten Months 

it was reported^ that a certain Dutchman had made 3 
xrfpeftivc, thro* whtch many distant Objc<£ls appeared 
lil^tnfl as if they were near; fevcral Experiments were 
jpQrtcd of this wonderful Effedt, which fome believed, 
md others denied ; but having Had it confirmed to me a 
few Days after, by a Letter from the noble yamu Ba* 
dmere at ^aru^ 1 appTted myfelf to confidcr the Reafon 
of it, and by what Means I might contrive a like Instru- 
ment, which I attained to, foon after, by the Do^ine 
of Rcfraflions : and, firft, I prepared a leaden Tube, in 
whofc Extremities 1 fitted two Spe^acle-gJafles, both of 
them plain on one Side, and on the other Side one of 
them fp her ic ally Convex, and the other Concave* Thenj 
applying my Eye to the Concave, I faw Objcfts appear 
pretty large, and pretty near mc ; they appeared three 
Times nearer, and nine limes larger, in Surface^ than 
to the naked Eye \ And foon after, I made another which 
reprcfcnted ObjetSs above fixty l^imcs larger; and, at 
laft, having fparcd no Labour nor Expcnce, I made an 
Inftrumcnt To excellent as to ftiew Things almoin a thou- 
fand Times larger^ and above thirty Times nearer, than 

to the naked Eye*** ^And in another Part of hi« 

Writings he tells us^ that ** He was at Vtma when 

he heard of the Efleits of Yxiv^^^ . Mmfla\ Inftrument, 
but nothing of its Conttru^ion ; that the firft Night 
after he returned to Padua he folved the Problem, and 
made his Inftrument the next Day j and, foon after^ 
pre fen ted it to the Doge at Ft^nut^ whoj to do him 
Honour for his grand Invention, gave him the ducal 
Letters, which fettled him, for Life, in his Ledurefhip 
tt Fadua^ and doubled his Salary, which then btgame 
treble of what any of his PredecefiorsTiad enjoyed before^"*' 

F % 



aia THE YOUNG GENTLEMAN 

Euph^Qf. I <1p not wonder to find that %\\\t cdebralcl 
Man n¥^t with i'uch Hoi^ours and FrefcfmpUSt from tli^ 
great Patron of Learning, for his perfe^lting*. and rcdi 
ing to Traflicc fo excellent a DifcoYct^ ; ^ - ^- But 
long to b^ informed of the Nature and Scru^lurc of hi 
Telefcop*;. 

Ciem. It will be ncccJT^ry to bpgin with thai j 
as I informed yon before, it is the moft fitpple Stru^ 

of this Kind of Inftruments.- ^But, that you 

te apprized of the Raiimak of a Tdefcope in gen 
it muft be cojifidered, that the Defvgnof tuch aii Lift 
mcnt is to inbrgc the optic Angk, under which dt ' 
Qbje£ls appear i fo that by that Meam ihcy ixirgbt 
rendered more perfe^ily vifiblc, or diftlnihl to the £yc. 
This is done by fornimg the Image of a diftant Ob} 
m the Focus of an opttc Gkfs»-^— and then by virwi 
that Image By iinotbcr fmglc Gials, or Lcn,s, ot a £tk 
focal Diffancc. 

EuphrsJ* You will be a little more parclcular in ex^ 
plaining this Matter, before 1 can readily apprehend you, 

CUsn,^ I intend fo to be ^ for neither you, nor 
one can be fuppofed to underftand the Effed of a T 

fcope in a Word or two \ Therefore, you will 

collc^\ that in the Focus of any Convex I^ns (from 
£x peri intuits I formerly fbewed you) the Image of evi 
ObjCiSl is formed, — and that that Image fubteuJs the fa 
Angle' at the Center of the Glafs, as the Objcd: id 
docs I that i? to fay, in other Words ^ the Objeel and 
Image are both k^i\ under the fame> or equaj Angles, by 
the Eye placed at the Center of the Glats. — In the noM^ 
Place, you are toobferve, that as the Image of anObjc^^^H 
in even' refjjcd anexa*5l Pi<5lure, or Reprefcntatjvc of that ^ 
Objctf, it will follow, that the fame Idea is formed 
the Mind> of the Nature, Form, Magnitude, Coloi 
&V. of the Object, whether the Eye a: the Center of 
Glafs views the Objed itfclf, or the In age thereof in 
Focus> ' ■ — Farther^ you will remember, that any 01 
je(5t, placed in the Focus of a Ghifi% will appear v< 
diftln^tly thr6ugh ic, as the Rays piocceding from the 
Objf*St lo the GJafs are, fey Rcfrad^ion through it, jnsn,^ J 
dcred parallel to t^e Eye, which h a neoeilary Conditiofll 
iQT dJlin(*t'Vifion.— Theneforcj if an optic Lem m^ 
' ' ^ the ' 
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the Convex Form, and of a (hort focal Diftance, be ^irplied 
to view the Image before mrntjoncd, you will e^fily un- 
derhand, cKat then that Image will appear di!Vin<I!Iy j 
ancl, confeqyentJy, the Object itfclf wifl be thereby^ 
flicwn diftin(^ in all its Parts j and fo much tlie more fo, 
as the Differences between the focal Diftance of the two 

htnics is greater, within a Imhei Drgrec» — And 

theretbre, Jaftly^ as the fame Image is nearer to one Lrns 
than the other, it will of Courfe fubicnd a larger Angle 
at the ncareft Lens, and therefore wilf, through it, be 
«fcen larger than through the other; and confequcutly the 
H Image, and, of Courfe, the Ohje<El will be thereby 
■ magnified in Proportion. Therefore the common Rule 
^^a for ertt mating the magnifying Power of TetcfctTjies con- 
ftruii^ed with two Lenfes, is th^ Rmk ef their fuul 
Dtfimuis njpe^ively. 

EuphrQf I have a better Notion than I had of the Ufe 

and magnifying Power of a Telefcope; but 1 am perfuaded, 

1 if you could exemplify what you have faid by nn Experi- 

^vment, it would Hill render the Nature of thatlnftrument 

^^moreeafy to be conceived, 

Cli^n, 1 hat! can eaftly ^o^ fn the folio wifig Manner: 
— ' — ^Hcre is a Ttkfcopr wilh two Lenfes ; that which is 
in the great End is calkd i\\t- Objeit Ltm., as being next 
the Object when wc vie>v it ; the other ii called the Eje- 
g/ttfs^ as being wirhifi a fmnll Diltance of the End to which 

the Eye is applied in ufing the Telefcopc : * The 

^Obje^ Lens 1 take out of the Tck'fcope, and fix it in 

^Sd&ptric Bali and Sodtt^ placed Urmiy tjvtt a Hole in the 

"tndow-ihut, made for thnt Purpof*-, and then putting 

ic Window-fliu titers together j the Room is madi^ Dark, 

P 3 and 



H * The Experiment of theScioPTaic Ball and QUJis in 
.Jiic C£im€t& OS/cura, is one of the moil delightful in Opdes, 
and ihofe wm ho have fcen it, will readily undeiftand all that is 
here faid concerning ihe Nature and Effects of a Tclefcope : 
They who h»ve not fecn ic, have it in their Power to purehafe 
the Inftrupient at a fniall Price, and to try ihc Experiments 
withont any Trouble ; but ihey who have not Curioftty enough 
to do thist arc defervedly excluded from participating in thofc 
Fleafurei which arc ihe moll exquifite that Nature affbrd»| 
aad place a* at the greatcll Diltance from the iJrute- Creation. 
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ind you fee fiothiA| but what comes tb rough the Ghl 

by Rays of Light frooa without, A large, movctbl 

Fapcr-fcreen, upon a Standi is provided, and which 
.now place at the focal Diftance of the Glafs from 

Window, which is in this Glafs but 3 Feet : Upt 

this Screen » you obferve, there is inftantly tbrmed abeai 
tiful Landfkip of all the diftant Scenes of natural Ob]< ' 
without. 

Euphrof Indeed^ I do; and a finer Picture was furel 

never feen. — What wondrous Paintmg is this !■ 

I fee the diftant Fields and Meadows, with the meandroi 

Windings of the River ! 1 view every Thing 

Motion, the People walking, the Cattle grazing, am 

the Ships failing in the River. l*hc Objetls 

richly variegated with their natural Tints and Cotouri 
—the Buildings all in Perfpcdtive, with a naturi 



Relievo by Light and Shade !- 



I do not know that 



was ever fo ddtghted with a View of Nature at large, 

I am with this Pidurc of it in Miniature ; an< 

upon the Whole, I cannot but obferve how infinitely I 
bt-auteous Paintings from Nature's Pencil exceed the Imi 
tations of thofe wno copy her ; and when I heur of the in 
credible Sums of Money that have been given for fuch i 
ferior Performances, and at how fmall aPrice thofe Gla£i 
are purchafed which prefent us with the inimitable Ori 
nal, I am quite at a Lofs to conjedure at the un account 
able Fate of Things. 

CUon, Mofl Things of this Nature you wiU always 
find very difficult to account for \ and in all Subject of 
this Nature which depend on the Fancy, Humour^ 
Caprice of Mankind, you will generally obferve a r 
great Difproportion betwixt the real Worth, or intnn 
value of the Thing, and the Price that is paid for lU 
But to return to the Subject > ■ -You obferve, in one 
Part of the Screen there is a round Hole, of about Half 
an Inch in Diameter, upon which any Part of the Piftur* 

may be thrown at PIcafurc : On the other Side of the 

Screen is made to flidc over the Hole, a fmall Cell, or 
Tube of Wood, containing a convex Lens whofc focal 
Dii1:aiice is one Inch and a Half, that alfo is the Diilaii€» 
of the Glafs from the Hokj the Diftance of the fijd 
Glafs from the other End of the Tube h about 

Inc 
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Ifich, to which End^ if the Eye be applied, it will, b/ 
Means of that Glafs. view thofe Parts of the Ptdwrc 



I 



* 



which fall 



the Hole 



and 



ypon tne tioie in tne acreen^ ana perceive 
them very diftinftlyp and^ in viewing ;hcfc, you view 
the CMjje^s, of Courfc^ to wkich they belong, 
You may, by placing yatirfelf bchiinl the Screenj try the 
ExpcrimeMt immediately. 

Euphrfif I fee pcrfcdtly well the Thing you mentioi]. 
" ^■ I fee the Man walkins^ by the River-fidc : 
f can eafily difltngui/h ihc Coloor of his Cloaths, his 
varioiis Motions, and^ what is very furprizing, he feems 
extremely near, and walks with his Heels upwards,— -p 
The fame I obfervc of other Objc£ts, when I move the 
Screen to bring them upon the Hole, as you have 
dire^ed me, 

CUgh, Your feeing the Object inverted, or upfide* 
down, is a neccilary Confequence of your viewing it in 
Its Pifture ; for the whole Landfcape is in an inverted 
Poiitlon^ a$ you fee ; and therefore every Part, whe^ 
viewed by the Glafs, muft appear in the Pofition it really 
has, viz, upfide-down, 

Euphrof, This I plainly perceive muft be the Cafe; 
and 1 farther fuppofe, that the Reafon why it appears fq 
very- near is, alfo, becaufe its Image, by which I view 
it, is fo very near to the Glafs. 

Cicijn. That is the true Reafon which you have aSgftedi 
and the Image, at that Diftance from the Glafs, fub- 
tending a much larger Angle, occaftons your feeing evay 
Part much more diftini5tly, than it could appear if 
viewed by the Eye at the Diflatice of the Glafs in the 
indow J that is to fay, it wiJJ appear as much larger^ 
d more diftin^t tn the former Cafe, than in the latter^ 
the Glafs is there in Proportion nearer ; for Inflancc^ 
e Diftance of the Eye-glafs is but one Inch and a Half 
om the Image« but the Diftancc of the Obje^-glafs m 
e Window-Jhut is 36 Inches. Thefe two Diftances 
to each other as f to 24, and therefore ttifr Image 
appears under an Angle 24 Times as Urge when viewed 
through the £yc-glafs, as it does when viewed at the 
pittance of the Object -glafs ; and therefore it appear? 
xtry plainlyt from bence^ that the Obje£t will be fecn 
under an Angle, when viewed in its Image, 24 Timej 
P 4 large^ 
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Jargfr than it appears to the naked Eye^ or jufl: fo large M 
it would appear at one 24th Part of ihc DiRjtice that it 
is from the Window* 

Euphraf, Then if I uiiderftarid you righrly, an ObjaS 
at the Diftance of 24. Rods, Furlonp, or Mik?, will 
aappcar as plain in its Image, by Means of tbcfe two ^ 
Glafles, as it would do to the naked Eye at the Diftattci; ■ 
of one Rod J Furlong, or Mile* 

Cltsn, Thai is the very Cafe: And from hence y em 
will infer, that the Obje£l is not improperly faid to be 

magnitied 24 Times.-^^^ Now, from all that we have 

here done in this darkened Room, the Reafon will appear^ 
why thofe GlafTcs are put together at each End of 1 long 
Tube to render thtm ufcful in the Form of a Tclefcope, 
^ptx. becaufe the Space in which the Image of Objedl 
^re formed ought to be quite dark^ or rather to have no 
other Light than that which enters the Glafs and forms 

the ImAge of the Objedt^ This will appear by an 

Experiment j for iff open the other Shutters (letting 
that only remain Hiut which holds thcGIafs} then, bccauHi^ 
the broad Day-Jjght hilb on tht Screen, the Images of tlw 
Landfcape, which before were viewed ftrong and diftiiUit 
are now, In- this Profufifin of foreign Eighty rendered 
faint, confuTcd, and fcarcely vifibie; and when you apfrfy 
your Eye to thcGbfji, as before^ behind the Screen^ you 
fcarcely perceive the Ob]e£l for the darling Light which 
now overwhelms it. 

Euphr&f Well, let me try this Exprrimcnt.-^^T no 
Iboner apply my Eye to the GLifs ttmn 1 'perceive the 

ruth cif what you fay : — — -l^hc Object is loft, in 
the Gi^re of Light, fo far, that it can fcarcely Ik^jfl 

appear, ~l am hereby thoroughlv convinced bow" 

eccflary ir is to exclude, from ihe Flaee whetc the 
Images of Objedls are formed^ all Light, but that which 
proceeds from the ObjeiS itfelf, in order to fltew it di- 
fiin£tly.— But one Thing occurs which fwggcfls ihe 
following C^icry; Pray, if the Hole in the Scretn waj 
larger, could 1 not Ctt^ more of an Objed, or morcOb- 

ie£lt than onej with equal Diitindlnefs? For 1 think the 
'iew il Very much confined by fo fmalJ a Hole* 
Ckm. Not with the farrie Eye-gl;ifs, my Ej^phrsfym J 
for, by Reafon and Expciiraents» Opticians jlCe: - tailgliC 
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to make th? Diameter of the Hok* aboirt ?- of tli^t of the 
■ye-glafs, in order th.M the Image m,%y Appear diftm^i* 
'his Hole is gencraiiy called the FsfM nf ViiW \ and 
lerff'ore if ihe Field be tiilar^ed, th^ Diameter of the 
.ye-glnf^ niuft be enlarged likewifc, and alio its focal Di- 
uncf, of Gogrfc ; for if you cnhrge the Diameter, or 
^Aperture of the Ghifs iifelf, ycu may foon exceed the 
Limit for diitin«^ V'iftcaij finceTvery Glafs has a limited 
Aperture as well in Tclefcopes" as in Microlcopcs, as I 
have before obieivui to you, ^ * 

EuphrcL If this be the Cafe, whnt we gain by having 
a brger field of View^ wc lofe in the Power of magni- 
fying J for fmee the focal Dilhmct' of the Eyc-glafsmuft 
be larger, it will not be fo often l- on rained m that of the 
Objed*g!afs, and confequcnrly the Objcd not appearing 
under fo large an Angle, will not be io much magniged 
as before. 

CUm. With the fame two GbfTes you c:\nnot enlarge 
fh: Field of Vici^j and at the fame Hme pr^-icne equal 
Diftinftnefs and magnifymsr Power ; You mayj indeed, 
chufe two other Glides whofe focal Diftances are increafed 
in Proportion ; for Inftance, if the focal Diftance of 
the Objeft-glafii be 6 Fcer, or 72 Inches, and that of the 
Eyc-glafs 3 Inehesj each of them double of what we now 
ufe, in this Cafe the Aperture of the Eyc-glais, and of 
the Hole, may alfo be enlarged to twice the Dimenfiom j 
but then the magnifying Power Ittll remains the fame, 
as alfo the Field of Viewj for thoiigh the Hole be en- 
larged, yet} becaule chc Imngc is enlarged in the fame 
Proportion J no more can fail upon that Hole than falls 
on this, and confequcnrly no more of the Object can be 

tfeen \ And If the Aperture of the Objeft-glafs be made 
twice as large alfo, then there will be the fame Degree of 
Light, or Brightnefs in the Objedt. But one Thing 
you would obferve in that Cafe, vi%. that the Object ap- 
pears more dif^tnt^tly in t\\ its Parts^ for a very fmall Image 
will not appear fo diftindtly as a Urge One, under the 
fame Angle, and with the fame Degree of Light ; and 
therefore the Power of magnifying, by Means of Objecl- 
glaffes of a larger focal Diftancc, may be encreafcd with 
fuScient Degrees of Brightnefs and Diifin^tntfs ofVjfion. 
I'hus *^&r ^ixpcrimem Sake, 1 will take that Glafsfrop 

tlW 
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the Wiadow-fhut^ and place another in its Room 
double its focal Diftancc, vh, 72 Inches ; them rcnw 
the Screen to the fame Dlflance from the Window, where 
now you fee the Landfcape greatly enlarged^ twice as 
much in Length and Breadth » and therefore 4 Times it 
large in Surface as before; and as the Dfametcr of the 
Aperture of this ObjetS-glafs is twice as much as that of 
the former, there will be the fame Quantity of Light in the 
Pj<Sure ; fo that each Image is now equally bright as before : 
Then I apply a Glafs of j Inches focal Di dance 
behind, which will Ihew the ObJe£l under the fame 
Angle a$ before, the Hole in the Screen being nopw 

twice as Urge, Go^ and apply your Eye to the 1 

Tube, my Euphr&fynt^ and tell me how it appears. ' 

Euphr(fj\ I wilL By what you have faid, THiigi 

flight to appear nearly the fame as before,*^— But the 
^cene appears e\fery Way more grand j and I cannot help ( 
-thinking that the Objcdb federally appear not only more 
iperfedt, but alfo larger at the fame Time. 

Cimn, Your Obferx^ations are very juft, except the 
lail; the ObjeSs arc not in Reality magniiicd \ This is j 
i0eception of the Fancy j for we always imagine that the 
lore iJluftrious any Thing appears, the larger it muft be 
•at the fame Time. That the V iew of every Part 

more perfe^fl, I will 3! low; for which Reafon 1 (hall 
^fliew you, by another E^cpcrimcnt, that the magnifying 
[,Power of the Eye-glafs may be incrcafed, by changing 
that which is a new One of 3 Inches focal Diftance^ 1 

id fubilituting another in its Stead of 2 Inches only.^^^^H 
This is done : Take a View as before* ^^ 

EuphffSff I do ; and cannot but fay, the Obje£b ap- 

Lr fufliciently diftinc^, tho' magnified much more than 

fofc ; — Hut they appear not altogpther fo Ughtfomc, or 
right, 

Ckm^ They are magnified now in Proportion as a ta 
2, or 1 to 36 \ and therefore the Power of magnifying 

ow exceeds that in Proportion as 36 to 24, feu 

tl^hcreas you fecm to think the Objects are now not brigh 
enough, I mil ft obfcrve to you, that there is really mors 
Light upon the Pid^ure than is allowed of by the Laws of 
Optics or diflin<ft Vifion \ for the Aperture of the Obje^- 
glafs is now twice as large as before, whereas it ought to 
% exceed 
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exceed the Apertureof the former Obje6t-gIais, but in the 
fame Proportion as the focal Diftaiice of the piefcjit Eye- 
glafs c*cced« thai before ufed : That is to fav» in the R ana 
3 to 1 1, or as 4 to 3* Confequcntly, it will appear, from 
all that has bccji faiti, that though there be an Increafe 
in the Power of magnif>'ing in refroiSing Telcfcopcs, yet 
In equaJ Degrees of Diftindtnefs, a kfs Proportion of the 
' pertures in the Obje£t*gbfs, or of Light in the Pidlure^ 
il! be ncceflkryj and thus we may proceed till, at 
Lengthy the Degree of Brigbtnefs will become fo far di- 
minifhed as to render theTelefcope but of very little Ufe 
in viewing terreftrial Objcds^ whofe Light, when they 
become magnified to a great Degree, will be found too 
little to (hew them fuffieiently plain^ with thofe Aperture^ 
of Objeft-glaiTes which are neccilary for diftin<5l Villon- 
—Having now explained at large^ by thefe Experi- 
ments^ the Nature of a refracting Telefcope, and fhewa 
that it is nothing more than a bort of portable Cam^a 
Ohfcura in Miniature, I ihali defer what I have further 
to fay, in Relation to the different Kinds and Conftruc- 
lions of this Inftniment, to another Opportunity* 



DIALOGUE Vn, 

On the varmi Constructions &f refra^mg 
Telescopes- 



YOUR 
fra£ting Tclefcopes, 



£upkrsjyt$f, 

laft LeflTon on the N&ture and Ruiim&k of f c-. 

lUuftratcd hy Experiments of 

[the Camera Obfiura^ gave me no fmall Delight, as I 

am well fatisfied 1 could have, by no other Means, ac- 

[quired fo good a Notion of th i« entertaining Inftrument j 

-I fee you have here many different Sorts and Sizes 

iSpon the Table : I fuppofe, Chonkut^ they arc the 

various Forms in which refra£ling Telefcopcs are now 

made, 

CUm^ They are fo, my Eufhrofytte\ and, that you 
may have a more diftin^ Idea of therein I fhaU enumcrato 

them 
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chcm accord ing to the ctiftercnt Names tKcy bcar^ nfuhi 
from their d iff e rem Stru£lure and Ufcs. 

L The leaft Stzc of all is caKed an Opera-Glass 
froni its being principally ufcd jji the Opira^ and P)a 
boufes. 

IL The Perspective Glass, which is only thef< 
mer Glafs k(s in Diameter, but of a greuter Length, 
fitted for the Pocket : This is alfo, by Opticians, cali( 
Galiif&*s TAefcspu 

III. The J/Irmemkai YelescqI'M^ (o caHed, as bci 
chiefly appropriated to celeftial Obfcrvritions, 

IV. The common Tel£$cope» adapted fgr riew 
Land- Objects. 

V. S^a Telescopes^ conftructcd for viewing Obj 
at Sta moft conveniently. 

1 here are, befwies thefe, other Condru^ions of 
inftrument, which are called, Htikfc&pa^ P#/, 

Euphrsf, I fuppofc the firfl- that you jncntloned, and 
called m\ Opir*i'^iafi^ is this very ftjort one, with a b 
Giafs at the End J it fuems very fit for the Purpofes in 
tended, as it may be eafiJy held In the Hand and appli 
to the Eye, 

. Ciicn, Yes, my Euphrnfym^ that is the firft Sort of 
profpe^ve Glafs, and conlifts pnly of two Lenfes, oi 
of which is the broad Glafs you fpeak of at the tn 
called the Objc£l-glals, and is a Plano-convex i the Gl 
%X. the other End is a Plano-concave, and is to be draw 
f^ut. Of in, by Means of thef!iding Part, or Drawer » b 
this Means, the two GlafTes are adjuiled to a prop^ 
'Diftance for viewing Objeifts, 

, Bitphrof What arc the particular Properties of tjiis 
l^ort of Tclefcope ? 

CUon, Firft, the Concave-glafs ig placed within the 
focal Diftance of the Objedt-glafs, by juft fo much as »i 
equal to its own focal DiiWce *, and when they are in 
this Pofition, the Rays proceeding from the Object, will, 
by Rcfra£tion through this Ijiftrument, be made to fill 
parallel upon the Eye, and thereby a diftindt Image will 
be formed on the optic Nerve, which is necefTary for pcr- 

fe£t Vifion, —Secondly, the Obje£l-glafs at the End 

has generally a very large Aperturej to give fufficicni 

Light 
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^ightJbr viewing the Obje^^^ efpecialiy as le k chkfly 
lied by Candle-light : But for O-mng Day-light, suid 
Hewing Objc^s enlightened by the Sun, the Aperture at 
lh«Obje£t End ought not to be fo Lirge, as the Object, 
in fuch Cafes, is liable to be vevy much coloured and Ittft 

diftin£t Thirdly, the Aperture of the Conotvc^ 

next the Eycy hy or fjyght to h^^ always fmall, viz, faot 

a little bigger than the Pupil of the Eye. — FourthlVt 

as the Eye-glafs i» placed within the Focus of the Objea^ 
glafs, the Lejigth is Icfs, for the fame Power of rmgni- 
fying, than in any ocher Telcfcope. ' " Fifthly^ ai 
there are but two Glaffes in this Conftry£lion, and each 
of them of the beft Form, it renders Vifion in this Iji^ 
ftrument moil perfect ; for that is always more fo in 
proportion as the Number of Glafles is lefg, becauieg 
)y Refraiftion at every Glafs, fome Irregularities are 
iroduced which dijlurb the Sight, or render the lniJig;e 
I ft perfed, 
Euphr^f When 1 look thro* this Glafsj I cati fcarcely 
lagine it magnifies at alL 

CUan^ That is tlie Cafe with moft People when they 
rrRufeihele 1 nil rumen is, they often f^y as you doj nay, 
fonie of them will aflirm^ that tbey can lee better without 
the Giafs ihan wlih it r But thefe are all Milkke^^ or 
Deceptions of Vifiori; for thtJc Glaifcs, all of them^ 
magnify ObjcBs 3*>*^4 Times, and tlicte is no Foriu cjf 
the Eye hut what may be aJTifted by its Ufe, when it 4i 

properly applicd*^ -^The Proportion of magnifying is 

here the (ame as of the two Lenfes I ufed in the dark 
oom J for whether the Eye-glafs be Concave^ or Con- 
vex, it makes no Alteration in that Refpe^^ for the 
~*owcr of magnifying by any two Lenfes will be propctr- 
[iioned to their focal Difknccs. — Thu» the Objedt-lenst 
>here ufej^ is 3 Inches focal Diftancc, and the Concave, 
licxt the Eye, has but one Inch focal Diitsnce : Theie^ 
I lore this Opera-glafs magnifits in Proportion a& thrn t§ 

Eupbfufy J muft not pretend to contradict you; but, 
reaUy, Objedts do not appear to be fo much in agnized 10 
jue. Pray, QUmkus^ have you any Method by which rou 
canfattsfy nye of the Truth of this by Experiments-^*— 
•Vou will excafe my being fo troublefotrie. 
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Clan. It always gives tnc the greateft Plcafurc to fADtfy 
the fcrupulous Curiofity of I /adits and Gendemcn tn itiii 

[Rcfped : ^And the Method I take to convince them 

in general is, thac which I have here provided for you; 
for I forcfaw yuo would make this Objcdion. — Yoti fee 
Jicre, a Piece of white Paper, juil 3 Inches long, and 

the Inches defined by black Lines ^I ftick it up on the 

oppoiite Side of the Room, for you to view it thro' tht 
Cjlafs, ' and whtrn you fee the Paper dil^im^Iy in the 

Glafs, open the other Eye and view it by that, without 

[the Glafs, and you will obferve, that one Inch of the 
paper, fcen through the Glafs, wilJ appear j aft as long 

MS the whole length of the Paper appears to the naked 

£uphr&f Let me try this Experiment forthwirh, ail 
ilisfo veryeafy>- I have adjuiied the Gbfa, and 

plainly fee the Paper through it. Now TU open mj 

other Eyc^ and direct it to the Paper ; ^and, upon mj 

Word, to my Surprize, 1 find the Thing you mention 
ihc faft.-^— I adtuatly fee one Inch of the Paper, throuj 
the Glafs, juft covers the whole Length of the Paper 
viewed by the naked Eye, and, of Courfc, the whol 
Fapcr appears 3 Times larger with, than without 
Glafs, which I could not have believed if I had not trie 
the Experiment, — I am, by this Inftance, fully fatisfit 
how much we are liable to be miftakcn, and to fonn, 
wrong Ideas of Things, for want of proper Methods t( 
inform the Judgment* — As you have been fo obligii^ 
to make me a Prefent of this curious Opera -glafs, ptcaft 
to let me knoiv if there arc any Precautions to be given 
for the V(c of it. 

Cleon. It will be necefTary to obfcrvc the following 
Particulars: — Firft, in adjuring the Glaflcs, you dniW 
out the Tube to the black Circle which h drawn upon it^ 
and then it is adjuftcd for Objcfls at a moderate Diftancc 
■ -Secondly, but if GbjeQs are very near, the Tube 
muft be drawn a little farther out, and, on the Contrmry|,| 
not quite fo far as the Circle, for Objcdls at a great Di- 
ftancc; but you will never be perfect in thcUfc of this, 
or any other reJcfcope, till you can readily adjuft it by* 
moving the Tube forward and backward, while yon mt 
actually viewing the Object through it, and ilop your 

Hand 
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when you lind the Objc<a appear moft pcrfcff^* 
-Thirdly, when you have Occafwa to take rii* 
Glallcs out to clean ihem, you will remember always, 
when you put them in again^ to place the Objed-glai's 
with its Convex PjU'C outward, .md the Eye-glafs wttb 
the Concave Part next the £ye, and tl^en it will be always 
fit for Ufc. 

Eupbref> I am obliged to you for thefe ]nftru£iion$.-^ 
But here is the other Glafs you called C4sitIfo\ TiUftspe^ 
pray, what arc the Properties of that Conilrui^ion^ and 
how am I to proceed in its Ufe } 

CUm^ This is in nothing materially different from the 
other^ but in its Ltngih^ and magnifpng Fewer in Confe*- 
quence thereof; for as the Objett-giais here has a longer 
focal Di^ance in Com(»arifon of that of the £ye-gla£s, it 
will, of Conrfe, have a ^r^4/ir Power of magnifying in 

Proportion.- This, which I here prefent you with, is 

a proper Size for the Pocket, and will magnify fuiEcienily 
for common Ufc* The Obje^Tt^glafs is 12 Inches Focus, 
and mafniAes the Objed about ten Times : But there 
will always be an Inconvenience attend the great Length 
of an Inftrument of this Kind, vi^. the Small nefs of the 
Field of View, which if here proponioned to the Area 
of the Pupil of the Eye, and theretbrc, when it magnilieft 
much^ the Field of View will be but fmall, and tender it 
more difficult to Und the Obje^, and lefs pleafant to view 
it : ■ Were it not for this Impediment, no Telcfcope 
would Ihew diftajit Obje^s io perfedly as this, on Ac* 
count of there being but two GlaflSss in the Conilru£lion* 

But in Cafe the diftant Obje^s be very fmall, fuch 

as the heavenly Bodies are in Appearance, then Gsiiieo*^ 
Tclefcope is applied oftentimes to very good Purpofe ; 
for, with that, the Sun, the Moon, and the Planets will 
be magnified very confiderably in a Length of iB Inches, 
or two Feet, even fo far as to (hew Jupilir and his 
four Moons, which cannot be done with other rdia6ling 
Teleicopes of Icfs than twice that Length ^ but ev^q ia 
viewing the celeJhal Bodies, if wc proceed to |fe»c 
Lengths in the GalUian Telefcope, the Difficulty of Bnd^ 
ing the ObjeA will frulbate our Oefigns, and oblige us 
to have Recourfe to the other Forms of Tckfcoiws, next 
to be COAfHkrod, 



to 

^1 



^U THE YOUNG GENTLEMAN 

Eupbref* I tbiiik the firf! of thcro you cill ih^aflrmi 
mualTcbfiapf^ as bcm^ dcfigncd for viewing theheavctilj 
Bodies only f 

C/«;j. Yes : ihat is the firil and moft Hmple Conftruc^J 
tion of Tckfcopcs compofcd of convex Lcpfcs onlv, ^'^l 
which there arc but tv^o or three at moft, — But, at ii^^ 
thcfe Sort of Ttlcfcopcs there h a real Image formed of « 
diftant Objcdl in the Focus of the firil, or Objecl-gUfs, 
which Image is viewt-'d by the Eye^glafa m the Manner I 
ihewed you in the darkened Room, it is evident, that thii 
Inftrument fhcws all Objcds in an inverted Pofition, and 
therefore not lit for common Ufc, as I then obferved to 
you ; but the heavenly Bodies bcJng of a round^ or circu- 
lar Form^ the Inverllon of fuch a Figure is noDiJadvat 
tage to the V icw ; and fincc the Appearance of an Obj«^j 
through two GlaiTcs is mott perftdt, and the Moons of 
Jupittr and Saturn require the mo ft perfe^St ConllruSiOfi 
to ihew them, this Tekfcope is preferable to all others on 
this Account, as the Field of View is iarge, and tlw 
Objei^t found with Eafe,: — In this Tdcfcope one Obje^. 
glals is fuificient, though in fome Refpc(5ls two may dd 
better*^ — There is alfo, generally rpeakin^, hut one £ye- 
glafs ufed ; but it is certain, from the Laws of Optict, 
nhat two Gialles properly combined will fhcw the Ima^e 
(and confequcntly the Obje£i) more pcrfe^y than one 
alone,* 

Euphr§f I remember you told mc the magnifying 
Power, by Means of thefc two Gbfl'es, was in Propgr- 

tion of their focal Diftances : But one Thing I am, 

not quite fo clear iii^ is, the Reafon why the Image* of ] 
Qbjeds are inverted in the Focus of tlie Obje^-glafsj 
and whether there be not any Method to present that 
difadvantageous Effect? 

CUm. The Reafon why the Image of an Object it 
inverted by a GlaCs you will readily perceive, when you 
conftder, that every Point of the Image is depicted by a 
Ray of Light coming from the Object in a right-lmed 
Direction through the Centre of the Glafs j from whence 
.q it 

„....__ ^ . *-» - -' 
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* For the Dcmoiiftration of this phyfical Pi^blon in Optici, 
ftc myAVw EUmmts 0/ O/ria, p. 33, 34, 
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it wlB follow, that thofe Rays of Light which come from 
the upper Part of an Obje^ muii^ after paffiog through 
the Center of the Ghfs, go to the lower Part of the 
£cfeen« and there paint the Image of the upper Part of 
Cbe Objed.—On the other Hand, the Rays which come 
om the lower Part of the Obje<i\ atter paiUpg throygh 
Center of the Glai^ go to the upper Part of the 
Screen, and there form an linage of the inferior Parts of 

the Obje<^ : And, by the Laws of Refradtion, all 

Other Rays which proceed from the fame Poiiits in the 
upper, or lower Parts of the Object, to any Part of the 
Lens, wiU be refracted to the fame Fointi of the lower, 
or uppGF Part of the Inia^e, and there unite with thofe 
Rays which pafa through the Center of the Glafs; con- 
Icquently^ the Image, by Means of the Rays croiling 
each other in the Glals, mui^ JieceiTarily be formed in aa 
inverted Pofuion, and which, you remember, was uni* 
¥erfa]]y the Cafe in all fingle Lenfes you tried in the for- 
mer Experiments. 

£uphr$f I remember this to be fact in every Inllance 
I tried, and, as it is a great Imperfection in the Tele- 
fcope, could it not be removed by applying another 

CUon, By no Means: Any Number of Object-glaflea 
will form an Image in the fame Manner, as one alone : 
—But the Image will flill be inverted, and only lefTened 
in its Dimenfions j fo that no Redrefs for this Evil can be 
had from thence, — Yet are we not deftitute of a Remedy, 
which is found in the Coiiftruction of the common Ttrle- 
fcopc, and is what I next propolc to explain, after having 
propofed to you one Thing more, which is, the Reafoa 
why the Conftruction of the Telefcope under Conlider- 
ation, is alfo fometimes called the Ntghi Jthfiopty for 
when the Aperture of the Object-glafs is very large, and 
the Glafs itfelf of a ihort focal Dift'ance, as 8 or lo Inches 
only, then the Field of View will be very large, and by 
Night, at Sea, there will be Light enough in the Atmof- 
phere, and by Reflection from the fait Water, to enter 
through fo large an Aperture as will be fufScient tolhew 
Objects, on the Surface of the Sea, at a confiderable 
DiAancei atleafi, much better than they can bed ifcerned 
by the naked Eye, and thereby fuch a Tele fe ope become* 

Vqu IL O of 
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of general Ufc at Sea. But when the focal DU 

of an Objc^-glafs is Shorty and fo large an Aperture yj 
• it becomes fiece{lary to ufc two Objctl-glafres, that ihi^ 
Errors of RefratTtioa^ arifing from the Convex Figmtp 
may be ia feme Meafure corrected, and ViGon thet^y 
rendered morediflinfi. — And in the Urgeft Sort of Nighi 
Telefcopes, where the Aperture is very large, no Idi 
than 3 Objc^-glaflcg arc nccclFary to form the In)a^, on 
that Account. 

Euphrof^ 'Tis eafy to obferve in this, as in manj' 
other Calcs, that Neceffity is the Mother of Invention ; 
and had you not given me this Rathnak of it, I ^ould 
have thought you had Jefted with me, in talking about % 
Night Tclefcopc, as U is well known by Experiment, 
that every Tclefcope makes the Ot je£l appeal" lcf« light* 
ibme than it appears to the naked Eye, and therefore it 
I ihould feem a Contradi^lion to have a Telcfcope for view- 
ing opake Objects by Night* — I fuppofc, the Tclefcope 
I here fee of difterent Sizes are all Da^f TtUfmpii of the 
common Forms in Ufe ? 

Cleon* They arc, my Euphrsfynci but fome of them 
have more Chiles than others^ and all of them fliew the 
Objcdt upright, or in its natural Pofitiom But the iciH 

Numbt^r of GUfles^ in any of them, is four, ^You 

fee, here is one at the Objett End, — and in the Drawer 
next the Eye, you obferve this Tube with three Qlailb 
is contained, 

Euphrof. So that in all the four-glafs Tclefcopcs I 
jobferve there are three Eye-glaflcs» and one Objc(a- 
^"glafsj but, pray, why are three placed next the Eye, 

CU&x, That you may have a clear Idea of this Malttf 
you are to con fid er^ 

(i.) That thefirft Image is formed in the common Fo- 
cus of the Objc*it-glars, and the firft of the three Eye- 
glafles I and therefore, 

ia.) The Rays which proceed from this Image to the 
Eyc-glafs, are, after Refra^lion thro* it, rendered 
paralld among themfelves ; and, confeq,uentIy, if thef^^ 
^11 upon a fecond Glaf^, placed at a Diilance be hi ad ioH 
towards the Eye, they wiJl be all converged to a Pmni io 
; Focus of that Glais^ and* for this Reafoo. 



ANb LADY'* ?tflLOS0PHY. iif 

(3.) Rajrs thus proceeding from eteqr Point in the firft 
Image will, by Refra6tion thro' the two firft Eye-glilfn^/ 
form an Image at a proper Foc(is which Will be every 
Way (imilar to the firft Image. 

(4.) The two firft Eye-glafles being pFaded it doubfe 
their focal Diftartces frdm each other; wfll fheii have thfc 
moft proper Pofltion for producing the Effedl ; becdu'fe 
then the Rays that proceed frofh Contrary Sides; in the 
firft Image, thro' the firft Eye-glafs, will be (o refrafted as 
to crofs each other in its Focus, and confequently fall upon 
the fecond Eye-glafs in a Manner juft contrary to that 
in which they proceed from the firft ; and therefore the 
Image formed by Refra^ion through the fecond, or mid- 
dle Ulafs, will be in a contrary Pohtion to the firft Image^ 
and therefore in the fame Pofition with the Objedt itfelf. 
Hence, 

(5.) An Image of the Obje^l being now formed up- 
right, that Image is fo viewed by the third Eye-glafs, or 
that nextjthe Eve, which, for that Reafon, muft be placed 
'at its focal Diitance from it, that the Rays may proceed 
parallel to the Eye. 

(6.) The three Eye-glafTes are all of them of one and 
tlie fame focal Diftance, and therefore the Diftance be^ 
tween each of them will be the fame, as you fee they are 
placed in this Tube. 

(7.) Upon this Account it is evident, that the fecond 
Image is viewed under the fame Angle by the third £ye- 
glafs as the firft Image appears under when viewed by the 
hrft Eye-glafs i and therefore the Power of magnifying is 
the fame with three Eye-glafTea as it was with one in the 
afbonomical Telefcope. 

i8.) In the Place where the fecond Image is formed 19 
)iaphragm, or round Hole in a Piece of Wood, or 
Brafs, of a Size fomewhat lefs than the Area of the Eye- 
glafles, in order to fhut out all the extraneous Rays, or 
to (hew that Part of the Image only which is fufficiently 
perfed for View, 

(9.) And where great Nicety is required., diere is alio 
a Diaphragm with a fmall Hole, of a proper Size, to be 
placed in the common Focus between the firft and fecond 
Eye-glaifes ; and if the ftrft Image were ctrctmifcribed 
by a propel Aperture in another Diaphragm, it wouM 

(^a tend 
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lend to render Vifion through a Tck-fcopc ftill 
|jierfe£t. 

(io.) And laftly, the Field of View m thk S4 
Telefcope is the whole Area^ or Aperture of tl^ 
phragm next the Eye, and therefore as much larger 
what you have in the GaliU^n Telefcope, as the 
Aperture here is larger than the Pupil of the Eye,- 
And fuch Is the Conilruftion and Raticnsltof tlic 
refracting Telefcope, whtch neither you, tior no one 
^ould properly comprehend without actually vieinring 
levcral Parts of thelnflrruments themfcivcs. 

Euphrsf I am thoroughly fcnfihle of that j for 
lieie aa with the Mlcrofcopcs^ unlcfs we fee the Foim 
Pofition of the fcveral Parts fcparately^ it is imj 
have an adequate Idea of the joint EiFefl of the 
iJi the Structure of Inftruments. - And, 

iind that this refracting Telefcope does nothing m^ 
the former 4 but fiew the Objtil upright ^ which ia 
a very great Improvement upon the Gaiikam Tell 
in regard to the Ampliikation of the Fidd of Vicw< 
But at prefent I mufi defift, to attend another 
ment^ and mJi give you the Trouble to proiiecute 
femains, relative to this Subject, at our next LoAin.] 



• JV^. M, The Tdefcnpes dcfcribed in the shore I>i 
l^ave thought proper to illultrate by a Copper-pf: 
fenting the Sun-Beams entering through Scioptnc Bi 
a darkened Room, and refraded through the Qbjc£l-gl 
Tdefcopes fixed iii circular Frames, pcrpendicttlkrly* oa 
Pieces of Wood fcrcwed on to the faid Balls ; and m the 
Etid of the faid Pieces of Wood are placed the £ye-g]&Jibp 
proper Dillanccs from the Objefi-gkiTcs, and from each 
by which it appears, that each Telefcope produces tkc 
EfFeft of refra^Hng the Rays to proper Focu]\ it 

lendering them parallel to the Eye, by which *. 
produced, The firfl, or uppermoft of thcfc, rcpre{e8t»^ 

Olafles of the Galikaif Telefcope. The & 

agronomical Telefcope. The Third is the fbur- 

fcope.-'^-'The Founh is the Night*Telefcope. If tli 
of any of thefe Telefcopes were to be thus placed in :% 
Roo;n, the Beam of the Sun's Light would p^fs thn>U£fi 
in the fkme Manner adhere repreienced. 
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DIALOGUE Vni. 

JJf Nature and Cos stkvctiou of refra^'tig 
Telescopes continued. 

Euphrofym^ 

I Am now ready to attend you, CieonUus, in what you 
have further to fay upon the Subjed^ of refradling Tele- 
icopes.— You have already defcribed to me the four prin- 
cipal Forms, the lafl of which was one of (bur GlaiTes ^ 
but I remember you faid, there were other Telefcopes 
that had more than four GlaiTes ; pleafe to let me know 
what Purpofe the additional Glafles anfwer ? 

Cleon, In fome there are five, and in others there are 
iix Glades, which are principally intended to enlarge th§ 
Field of Viewy and to render the Image more perfe<5l to^ 
wards the extreme Parts : The Difpofition of the GlaiTes 
is different in many of them ; but, in general, it is the 
fame as what you fee in this, which I here put into your 
Hand ; And that you may fee the Difference between 
this, and a fbur-glafs Telefcope of the fame Length, you 
have now an Opportunity of viewing the Crofs, the 
Globe, or Ball, and the Dome of St. PauP^ the Sua 
lying advantageouily upon them. 

Eupbrof. Thefe Telefcopes, I fee, are about three 
Feet in Length, and I fhall gladly experience their Dif- 
ference. Firfl, I will take the four-glafs Telefcope, 

^ . .with this I fee the golden Crofs, curioufly wrought^ 

and very large and diflintSt. The Ball appears verjn 

grand, as well as globular, with curious Worknianfliip, 
, . and the Golden- gallery appears like wh .t it is when 
we are upon it ; I can eafily diftinguifli Men and Women, 
their different Habits, Colour of their Cloths, fome of 
them walking, and others leaning over the Palafades. 
The Dome appears to be glorious Rotundoy and every 
other Part in Proportion, exhibits an agreeable Speiftacle, 

1 will now take the Telefcope with fix GlaiTes, 

—and, in viewing the fame Objeds, I perceive 
a Difference in the Extent of the View, which is 
certainly here much larger and finer than before; but, 

0.3 *^ 
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^t tht fatBC Timc^ 1 do not tliink the Teveral Paftt ip» 
pear fo very diiUnct ^s in the former,*— —and » on thit 
V^ccount, I really do not |tJiow which of the two 1 £Uould 

Cksn, You need give yourfcjf no Trouble ibotil 
that, my Euphrsfynt-^ for I ihall make yoti a Prcfcnt of 

them both :— They have each ihcir peculiar AdvaJi^ 

tagcs, and you never will find any one In{lrumcQt in 
which the different Perfcdions of var jous Forms caA be 
gli united. 

Eupbrof. i readily believe what you fay ; But whit 
ifc thofc long Telefcopes in Mahogany, and coJoured 

Wood ? — ^Arc they not wh^t you c^U Sta^Tiitfafa^ 

Clionkui f 

Clion* Yes, m-fEuphrofyne^ they are, and uJcddutflj 
by MaRers of Vcftels^ and other Sea-faring People^ far 
»s they are all in one entire Lengthy they give them m 
Trouble, and require no Time in applying them to 
life : This rendtrs them more fit for their Purpofr, who 
oftentimes have not a Mo:TTent to fpare, when their Ufe 
is required, for viewing a Ship, Headknd, Lights, 4fr. 
%t the firft AppeaniJice. Add to this, that Veiiuin, of 
parchment 1 ubes, of which common Telcfcopes im^ 
^ade, wit] not bear the Action of a falmc Atmofpbrr«jfl 
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IS lifed : — But when we confider* that Aich si Telefcope 
becomes, by this ConftrutStion, (o eirpenfive^ as to equal 
fhe Price of three very good finglc Tdefcopes, at the fame 
Time each of which may have a different Power of mag- 
nifytng, it appears to me to ba a very prepoftcrous and ati 
injudicious Contrivance, and, as fuch, deferves no fur- 
ther Notice. 

Euphrcf There is yet another Telefcope which makes 
A contiderablc Appearance, concerning which you have 
not faid any Thing, Pray, is the internal Stru£lure of 
this different from any or the former, as I fee nothing 
different in its external Form ? 

Chan. This is a Patent Tc!cfcope, and different from 
others in having a double Obje^l-gjafs, one Convex and 
the other Concave^ placed contiguous to each other in 
the fame Cell: The fpherical Figure of which is different 
m each, and the Delign of fuch a Combination of Glaffes 
is, that one may corre£l the Errors of the other, in re- 
gard to the coJorific Rcfra^ion of J-'ight \ for whereas 
you have been taught by prifmatic Experiments, that 
Rays of Light have different Degrees of Refrangibility, 
and I have not long fince obfcrved to you» that this is 
one great Caufe of the ImperJodlicn of rjefradting Telc- 
fcopcs with a fuigle Objc^-lens of a Convex Form, 
therefore this Concave is added to eorredt this Aberratioa 
pf Rays, and to render the linage of ejieternitl Objeds 
more pcrf^£t and uniform. 

Euphr&f, And do thofc two Glaffes anfwcr fuch % 

Purpofe in a fentible Degree I ^ 

dim* You wiil have no Occafton to take my Word, 

\m Opinion, about this Matter, becaufc you may try the 
Experiment yourfelf, and fee the Difference betwix( 
this and another of the fame Length and magnifying 

I Power, 1 have here contrived 10 place them both in ^, 

l*ofition, to view the fame diftant Obje£t, which happens 
very apropos to be the Crofs on the Top of St. P^ut^ m 
dire£i View* 

Euphrof The Crofs makes a very curious Spectacle ; 
and I obfervc, very plainly, that there is a Difference, 
tut not fo great as [ fhuuid have imagined, from th^ 
very great Difference which you mention in the Price of 

jjicfe two Tclefcopes. There is (jt m fm qu^i} 

O 4 f»m<?- 
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famethmg which I cannot vf^W exprcfs, in the Elfeft of 

this Telefcope,^ ^I fee the Crofs and Hs. Parts oMUf 

perfe^ly in one refpcdj yet not fo much fo m anocber* 

' — But there feems to be Co much of Ambigukjr in 

the flifFcrent Effeifts of theic Tcktcopcs* that I muft !• 
tongor exercifed in the Compariion of thtm bciofe I can 
pretend to form any adequate Notion of their rel'pcitjft 
McriCB, or how much one is prderabk- to the other.— '— 
Butf F^'^y? what is that particular Conftrut^ion of a 
Telefco|sc you call a Pskm$fc^psf 

Clt9H. By that T^rm is meant, a Tcfefcope^ at ihb 
Objedt-end of which is fitted a very curious rdleeling 
pbin Speculum at half a Right-angle to the Axi»of ibe 
Telefcope, which h dij^£%ed to the middle Point of tbo 
fatd Speculum, as you obfecve in tlm Part which I icmt 
©ff and on. 

Euphfiff. But what ts impfiod in the psrticuUr £t^ 
moiogy of the Word ? 

CltQn, The Nan»e imi^ie^ an Inftrumcnt of th« Tdc- 
|copic*kind, fortheUies §f War ^ that is to fay, fudl 
£^ the Generals, or Ofticers concerned in Sieges^ F^fti- 
ft cations, l^u have often Occa/lon. to ufe ; For, in maity 
C»fe&^ befides a dircdt View ftrait forward* they h« 
off*!iT> 0<>rafirtn trt fee what is doinir hv Perlnns nn 
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of it» a3 the Glafii was .dlre£kd quite uother Wav-; I 
cawiet (uy but I was very much pleafed with the ESe&f 
and. wiflied for fuck a one of my omiK 

Clion. Then here you have your Wiih, myEupbrtSmi 
£»r I have defignedly procured fuch a fimdl colhteral 0|>e- 
la-ghfs on Purpofe to exemplify the Uie of the other more 
at large, liace Side-views may often tknesv be agreeable and 
iiie^l to the Fair-Sex, as well as r neceHai^f to military 
Oificers. Thus, both the o«e and. the other you have ia 
your Pofleffion^ to ufe at your Flea i ure,. 

Euphrof. You will gteatly enrich me wich» an Appa^i^ 

ratus of fuch curious Initruments. But I ten^eii^ 

ber, in the laft Place, yon mentioned another Sort of 
optical Inftrumenta, you cabled HsMOacdPfis, pray^ 
what are they ? . . . , 

CUon. They ape ftfll: of the: Teiefc#pe Kind, .and ar« 
i» cootcived as to give a very pleafaji^ aad inofFenfivie Vievii 
of the Sun, whofe ardent Lufiie is much too great to 
admit hint an Objedb of the cona»of> Tdefcope*- ■ ? \% 
is jieceflary, one Way or other^ to weaken » or obfcum 
his Rays, that our Eyes may behold the jnoSk illuArioMi 
Objed of Nature ;r— *there are many Waiys of doingp 
ihis, the moft common is, to hold one of the £ye-glaflea 
of a common four-glais Telefcope over the Flame of a 
Candle till it is thereby rendered fuffieiently black, tof 
view the Difk of the Sun without hurting the Eyes^ 
which will do pretty well for confmion Ufe :«— — ^Another 
Method is, by placing a Piece of {baioed Glafs^ of a verjfr 
deep, dark Colour, i»the Brafs Cell next the Eye,. whiciL 
will aofwer the fame End and with lefs Trouble : '■■■ w. 
But die heft, and moft per^e6i Method of laakinjg a. 
Heliofeope is, to weaken the Rays of the Sun by manyr 
Reflexions, forward and, backward, from Surface tq^ 
Surface of a proper Number of plain,. polKhed Spcculums,. 
till, at laib, they are rendered fo faint, that the Eye mzf 
fufhun ^ir Effect without any Trouble or Inconvenience^ 
and the Face of the Sun will appear, in this Way,, fo 
verv ferene and diftind in every Parr, that the Macula^ 
9nd F^tcuUty u r* the dark 3pots, aod the brighter Parts, 
will, this Way, appear to the greateft PerfcSion : This. 
is one of the many cdebnated Ipveotions of the lat9 
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Euphrof The Subjc£l of Tclcfcopcs, 1 find, is 
extenfivej and admits of great Variety. — Arc there anv 
other Forms or Denominations of thia Inflrument which 
remain to be confidercd ? 

CUsn* Yts ^ one very materia.) one, called the fphr 
Tekfc6pt^i and which wiJJ afford you no fm;iU Amufemcnt 
ai yoyr lei fu re Hours, in a darkened Room,^— This In- 
ftrtiment is no other than a Galihan Telcfcope, fcrewed 
into a fciop trie Ball ^ moveable in its Socket, fattened to 

the Window-fliut. Walk but into the little Parlour, 

which is already darkened^ and there you will lee lU 
delightful Effefts. 

Buphr$f, And what am I to fee now I am here, CUmkni f 
At prefcnt 1 obferve only a Beam of the Sun's Light 
coming through the Inflrument. 

Ckm, That Beam of Light is to pafs through this 
fmall profpc£tive Glafs, when fcrewed into the HaJe of 
the Bali^ and in fuch a Manner, that when the Rays 
proceed from it, they will form a very large and beautinii 
Image upon the Screen, which you there (ee placed on 

purpofe to receive it. i have now fcrewed it on, 

and you obferve the Effect of it as a HeliofcopCi for 
this is one of thofe H^Uofcopcs which Dr, Hnkt^ in 
his Treatife on this Subject, recommends^ and it iSp 
in hjs Opinioni the bcft Method of fonping the Siia*i 
Image, 

Euphrof. I cannot but admire the Effe<a of it, in pro- 
ducing fo curious a Pidurc of the Sun : How large 

and well defined a Circle it makes, in its own native 

and pure white Light I The Spots, how plain and 

diftin^ they appear ! and the Clouds, how quick 

and how natural they are in Motion, upon the Sun's 

Diik ! 1 think this is every whit as perfect as that 

which I faw by the reflecting Tclcfcopc fome Time 
ago, which you purpofely contrived to oblige me with 
an artihcial View of the Tranfit of Fmus : — r^ — But 
now the Time is at Hand, when ive are to view that 
glorious Phenomenon in Reality, will not this Experi- 
ment, by Gff/i7«'s Tciefcope^ be fu^cient to anfwer that 
Purpofc ? 

Ck^n* If not the moft perfect and ready Way of ox-* 
^ibiting that Fhxnomeiion, it feems to have been this 

very 
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S Method that Mr. HoRRox himfelf made ufe of, to 
rve the Tranfit of Vmus in 1639 ; for he teih us^ 
hi 9bfirved tbi Planet Venus m the Face of the Sum, hf 
Means $f bis Telefcope, in bis darkened Chamber, Now, 
there could be no Neccffity for his darkening the Room 
fbrobferying the hun, by a Telefcope, any other Wa]f 
than this ; jior is it in any Degree n^cefTary even heie^ 
but only for greater Diftinctnefs ; for, at the Time of 
the Tranfit, the Planet will be feen fuficiently plain, as 
you may judge by the Appearance which the Spots of 
(he Sun now make when I open the Window-inut^ers 

and let the Light into the Room. 1 have now opened 

the Window, that you may iee the Experiment both 
Ways, viz. in the darkened and enlighcciied Room, 
at once. 

Etephrof I am fully /convinced, by this Experiment, 
^at fcarce 4ny thipg more is ncceflary to ih$w the Spots 
upon th^ Sun, than only fome Contrivance to keep off 
the Sun-beams, and the direct Light from falling upon 
the Screen, in any Sort of Telefcope or Heliofcope what- 
foever. — Would not this be a very good Way, Clemcu^^ 
to obferve a folar Eclipfe ? 

Clem. The laft confiderable Eclipfe of the Sun I 
ihewed this Way, to a great Number of Spectators, who 
were all greatly pleafed in viewing it in fo advantageous, 
and, at the fame Tin^^v fo inofFenfive a Manner: And 
thus, alfo, you may view the approaching great Eclipfe 

in 1764.- But for my own Part^ when I want to 

fatisfy my Curiofity with a View of tHe folar Spots, ^r. 
1 givemyfplf no trouble in darkjcjiing of a R^>om, but do 
It either by the reflecting 'J'elefcope, in the Manner I 
formerly (hewed you, or elfe by this fmall Telefcope, 
in a Ball and Socket, fixed to a Board, which I place 
hear the Side of a Table on a proper Stand, and, as it 
darkens the Screen, j^tve;; me an Opportunity of viewing 
the folar Di(k^ Spots, and Clouds, juft as you now 
obferve. 

Eupbrof. I fpe you have many Inventions to gratify 
^e ^w who have any Tafte for natural Curiofities, pr 
think it wort}) while to obferve the Wondersof Nature. 
' Cleon. You have as yet feen but one Part of thofe 
^tjcal InfirHments, we call Telefcopes^ but there i^ 
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another Sort yet, more perfect than thefe, which we call 
reflecting,' Telcfcope^^ the external Form of which you 
are no Stranger to 5 but the Nature and Strtictiue of ihit 
Inftrument being very peculiar and delicate, I {hall 
endeavour to give you aji Idea of it the next Opportunicy 
we have to convcrfc upon thefe Subjects, together with 
fome Account of their Origin and Invontion. 



DIALOGUE EX. 

Of the f^ATUKEy Origin, CoNSTRucrroWj md 
Use of refieSling Telescopes. 

CUenkus. ' ■ * ' 

IN our former Convcrfatron^ 1 have obferved to you t 
very matL^ri^I Defeat in the Nature of refracting Tele- 
fcopes, ViT., thit they refract not all the Rays of Eight CO 
a finglc Point, as they ought to do, for the Perfection of 
Vifionj both on Account of the Figure of the Lenfesi 
and of the different Rcfrangibility of the Rays of Light; 
and J in the very great magnifying Powers required for 
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may be taken away by four RefleiEiions.— — But we do 
not find that this ingenious Invention of the Dolor's 
ever obuined fo far as to be of general Ufe : It is pro- 
bable it might be owing to the imperfect Manner of making 
and poliihing the Speculums 100 Years ago ; and that if 
the fame Method were to be now revived, it might be 
attended with better Succefs: But this only by-the-bye. 
— — — Refleding Telefcopes are undoubtedly the beft Su£- 
itidaneum to Kcfrz^tors. 

Euphrof, Pray, who was the firfl Inventor of Tele(copes 
by Refiedion ? 

CUon, The firft who has given us any dire^ Account 
of this excellent Invention was Dr. Janus Gregory^ in hi^ 
Book entitled Optica PrcmotCy which was printed in the 
Year 1663. He has there (Page 94,) given us a Figure 
of the faid Telefcope, very much the fame Form with 
thofe we have now in Ufe, vi%. confiding of one large, 
and one fmall refle^ng concave Speculum, and one Leas 
in a Piece at the End, whence it will appear with how 
jnuch Propriety this Form is called, the Gregorian Tele- 
fcope. But with Regard to the great Speculum in this 
original Telefcope, it feems to have been made of Glafs, 
and was of a parabolical Figure. The finall Speculum, 
he tells us, was elliptical i but afterwards he allows, 
that, confidering the Difficulty of acquiringthefe Figures 
mechanically, Speculums of a fpherical Form will do 
veiy well. 

Euphrof. I always had a Notion, that Sir Ifaac Newton 
was the Inventor of the refledling Telefcope : Pray, is 
aot this the common Opinion ? 

, Cleon, Moft People have fuch a Notion > but it rather 
proceeds from his Improvement, or the Method which he 
Cook to bring them into common Ufe : For that great 
Man did, for a lon^ Time, labour with his own Hands, 
both in grinding Mirrors, in Meul and Glafs, of a 
fpherical Form, and conftrudled a Telefcope with Spepu- 
)ums of his own Working ; and, laftly, gave a general 
JRationab of the Whole : From whence the World was 
^r^ uught the Nature of Vifion by Refle^io<^, and how 
much it is preferable to that by Refradiou ^ and there- 
fore the Thsojly of the Inftrument, efpecjally the gom- 
parative Fart» we owe to Sir Isaac Nb wton. 
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Euphr^f^ Pray, wherefii does the great Excellency of 
a rcfieciing TcJclcupt; confift ? 

Clci^n, \n \\ih one Particular, that fince (as I hereto- 
fore flicwed yotj) the Angles of the indJcnt and ^eflcfted 
Ray are ever equals therefore Rap of every different 
Sort tailing upon a Speculum, very near to its Axis, will 
all be refle(fl*'d to ont: Poijit therein, at leaft fo nearl), 
that the Difference is not fenfible in any Experiments of 
Vifioni and therefore all that Imperf^tdtion arifmg from 
the colorific Quality of Rays, in refrading Teleicopes, 
has here noFiacci nor is the Error, from the Frgufc 
of tht Speculum, any Thing like fo great as that from 
the Figure vi Lcnfes : Thefe Telefcopes, therefore^ 
^rc as pL-rfc'<5t in iheir Nature as any Thing of thi& Kind * 
can he. 

Euphr&f, Methiiiks I fhould be very glad to have an 
Idea of the partfcuhr Manner in whfch Vifion JS produced, 
or the Objedt formed in a nefletling Tclefcopc, 

CUan. \ v/i\\ give you as particular Account thereof 
as polEbly I can, and illuftrate each Part by an £x|ie* 
Timent. 

Firit, with rcfpt^ft to reflcifted parallel Rays, youmuft 
know that thtir Focus, or Pointy where the Image k 
formed, is iuft a fourth Part oi the Diameter of a " 



ir 
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rtment. For the fmall Speculum, whicR y^u obferve at 

If he other End of the Tube, has it focal Di1^»nce jull 
Dnc Inchi and therefoie if pbccd juft jo inchs from the 
great Speculum* by Means of the Wjrc-fcrew at the 
Side of the Trlelcojje, then wili the Image be in the 
Eommon Focus uf both the Specultms ; the Rays there «• 
lore which pnicced from the Image to the fmall Speculum 
will be reAe<£kd by it, paralld among thetnfelves, thro' 
the Hole of the large one ; and therefore, if your Eye be 
l^laced in thafe paralid R^ys, you will fee the Object moil 
perfectly in the fmall Speculum, and ina|nificd in Pro- 
portion to the focal Diitance^ of the two Metals, that is 

to fay, as 9 to I, 1 will takeoff the Eye-piece;, then 

apply your Eye to the Hole, and turn the Screw till yoa 
fee the Ob)ef,t pKiin. 

Euphraj, Let me try this Experiment ; 1 do 

as you direct me -^ at length 1 fee the Object very 

diftinct, very perfectly. Indeed;- But 1 fee no 

more than what h in the Face of the fmall Metal, and 

therefore the Fieid of View is very fmall : 1 alfo 

obfetvc it is magnified ; but I Hiould not have thought it 

was 9 Times larger than the Object. 1 llkewife fee 

every Thing upfide down. On all which Ac- 
counts^ this feems not to be the bell Method of viewing 
Objects. 

Ckm, You are fo far right, my Euphriffyne j the Field 
of View muft neceffary be fmall, as the Eyt muft b© 
placed Co far from the fmall Speculum ;— — the Image 
muil neceffartly be inverted, a3 the Rays crofs each other 

in the common Focus of the Mirrors ; ^But youf 

Imagining the Object not to be fo much magnified, is one 
of the mofV ufual Fallacies of Vifion j for the Objects 
01 u A ever be magnified in the Proportion of the focal 

iHances of the Mirrours. — The two Metals, as they 
are thus combined^ are exactly analagous to the al^ronu-^^ 
mtcal Refractor, except that in the latter, your Eye 
may be place^^l near tht; fmall Lens, and by that Meani 
you have an amplititd Field of View. 

Eufhr^f The imail Brafs Tube that you fcrewed ofr, 
and which you called the Eye- piece, feejns necelTary ta 
lender this Inftrument complcat | but in what Refpect it 
is ferviceablc to this End, you wUI pkafe to let jne kfiOWj 
Cksnktu f 
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Clt'Qn, I will : — This brings mc to confliier the 

fecond Part, m Effect of this optical Machine, which, 
you are to know, is intircly of theMicrofcopic-kind : For 
the imiJJ Iniiigt:, formed by the great Specufum, is fo 
perfect by Rcfitction, that it will bear to be magmfied 
a fecoiid Time by the fmall Speculuni, and therefore maj 
now h^ cQiifidtred as a Micro jcoph Ohjtii : Beyond whidif 
if the fmall Speculum be placed (by Means of the Wifiv 
icrew) a lutlc more than its proper focal Diftancr, that 
the Rays, which fall on it from the firft Image, wJU not 
now be reflected paralUl^ a* before, but tsnvirging to a 
Focus in the Axis of the Tdcfcope produced ; for whkh 
Purpofe, you fee it is neceiFary there Oiouid be a Hole ia 
the great Nlirraur for thofe reflected Kays to pafs through. 
— In the Point where the Rays are unittd, theie will be 
a fecond Image formed from the Firft, and as much ex- 
ceeding the I'irft in its Oimenfions of Length and Breadth 
as it eKcecd:^ it in Diilancc from theftnall Speculum; and 
therefore yuu will eafily obferve, that the Effect olf th« 
Tclefcopc in this Part is quite analogous to the com- 
pound Microfcope, whole C on ll ruction 1 heretofore ex- 
plained to you. 

Eitphrof I think, In a general Way, I conceive tbe 
Reafon of all you fay very well ; but fliouid be glad if 
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jtatiy DiftfMice from it^ by Rays refld^ed through the 
Hofeof.thfr^laige.Oik.e^ th^ i!)y.erpje^ beipg taken away: 

^Thus, if I hold a Piece of Writing-paper juft 

behind the igr^t SpocUlutn, .and, kee|> moving the fmall 
Spfculum; you at Length f^e the , Image formed very 
di^ind, apd jai^ge, in Froptirtion to the firft| for. ihe 
Diftanca.of the two Images from the fmall Speculu/ia 
arfiiii^axlji^.at.io to i ; anrf therefoKie this felondary Image 
*9 nearly I0 Times asJarge as the firfl, or about .^^ of an 
Inch' in Diameter.— I now plttce' the Paper at the .Dijlance 
of AS'ifiQbfisfrom the fii)al]. Speculum, and, aa I. move 
the Sp6C4iian^ (till farther back, it gives a perfe£l Image 
on the Paper .in this Pofition, which 4s. larger, than 'before 
in PropQrtipfipT.the^increaC^ Dlftanc6.-r*--rQnce more; 
I place. Che Paper at ;thq Diibmce of tiwo Feet from the 
little Mirrouri and then yOfu fee, by removing th^ imail 
Speculum ftill farther from the Hrtl, how a fecond image 
is fortncd twice as large as the firft in Diaitietcr, and 
yefvcrv perfeA. . ., , .. . 

. Eupbrof. So very perfe(Flj GUomcus'^- tl(at I really fee 
the Spots on the Sun's Diik.-r — '-. — Why, this feenfs to 
me to be an .excellent Way of viewing, an EciipG^, the 
Spots in the. Sun, or aTraiifit, ^(\ withoM.t iDore ado. 

.CJetn, It is the moft perfect Way^ of kny, of . reprefcnt* 
ing thofe Phenomena, as they are formed by. two Bj}* 
fie<5tions only, and they cannot .-be fhewn by lefs; and 
if the great Metal has a large Focus; the Experiment of 
exhibiting the fplar Di(k this Way U moft delightful, 

indeed ; as for Inftance, fuppofe it • was 3 or 4 Feet 

focal. Diilance; the Image of die Sun*s Image might be 
thereby eatilypiade 5 or 6 Inches in Diaxneter, which will 
DC large enough for all the beforcrmentioned Purpofes. 
■ ■ But to return ; this fecond Image is that which 
tvc view by the Eye-glals of the, Xelefcope, in the 
fame Manner as the large Image is viewed b»y the £ye- 
glafs in the upper Part of the compound Microfcope : 

From all which it appears, that a re(k(5ting Tck- 

fOope is a compound Inftrument, conning of a Tele- 
scope onda Microscope : and if the Metaji arc fuch 
as are before-mentioned, whofe foc^l Dillanccs are as 9 
to I, then, as a l^lefcope, it will magnify 9 Times, 
and in the Microfcope Pare it will magnify 10 Times ; 

Vol. II, R thcre/ore^ 
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therefore, upon the Whole, it will magnify q Times 
or 90 Times, and alt this in a Length of Tube n*i 
than 14 Inches* 

Etiphrsf By this compound Power of ma^ifyifig I 
readily difcern the Reafon, why a reAe£ling Tddcope U 
fo very fliort, comp^ed with a Rcfrador of die t'tme 
Power, and confequcntly how much more convcflicoi 
they are for Ufc, aa they arc cafily applied to a fMOpcr 
Stand or Pedeft^l, and arc capable of a Motiofi ^f&j 
Way, which not only facilitates its Ufe, but renders *c 

vaftly more pleafant and agreeable,^ But one Thing I 

muft remind you of, CUanhui ; 1 lememher, fooie Tixm 
mgo, 1 afked you what was the magnifyin| Powo* of thit 
Tclefcop, and I remember you told me, it was about 56 
Times, or fomcwhat mor^ : How^ then, docs tlia« 
agree with the magnifying Power you miw memion 
^ Times ? 

Cli%H* 1 will foon fatisfy you in that Particular. I h 
at prcfent fuppofed, for your more eafy Comprehcnlion^ 
thaE the focal Dtflancc of the fmall Speculum b oniy 
Inch I but that is found, by Experience, to be too fm 
or the Power of magnifying too great, to admit of 
fuJEcient Degree of DiA:inctnefs and Brightneft 10 v 
ing common Objects, and therefore it is cuftomary bow 
to make the fmaSl Mirrors about an Inch and half focii 
Diftancc, and then it will magnify, as a Tckfcopc, fix 
Times, and, as a Miciofcope, about nine Time*, aoJ 
therefore the Power of magnifying will be, upon III* 
Whole, about 54 Times. 

Euphf&f* I apprehend you very clearly, and caniiot 
but admire the wonderful Art employed in the Strvctorci 
and the noble Eft'ects of thi,s curioui Machine^ But 
one Thing occurs as a Query, which is this: Since the 
primary Image in tht; Telefcopc is magnified by the fasall 
Mirror in tlie Nature of a common Microfcope, paj 
Cleankm^ would not any fmall Object, fubftituted in 
Place of that Image, be magnified by this tittle Mi 

thereby this Telefcopc be 
Ufe of the campoaod 
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is now of 100 Years llanding, the Ufe you have now 
tinentionet! of it has never been Confideird 'til! very lately, 
nor do you find any Author who has given Difcctions for 
this Part of the Ufc of the Tdcfcope : - But^ to fay 
the Truth, there is no Microfcope can give fo perfect 
m View of an Ohject as you have this Way ; and I can 
•Cure you, that thit was the Sentiment of a Noblemaw 
of the fjrft Rank (for whom the Mufes arc now in the 
dccpcft Mourning :) And whoever ha? Dexterity enough 
to apply Objects this Way, will find their Curiofity 
highly rewarded WJth the moft cxquifite Views of Nature's 
high fini^eJ Ficees in Miniature ; and that nothing of 
this Kind in Nature or Art may efcapc your Notice, I 
iavc contrived to make this Method of applying Objects 
very eafy for your Ufc, viz. in the Tclefcope at large, 
by a Door opening on the Side againft the common Focui 
of the two Mirrors; where a Fair of Plyers are eafity 
fixed for holding any fmall Object before the fmall Specu- 
lum in a proper Manner, and then» whether tranfparent 
m opake, it mty be viewed by procuring a proper Focus 
by turning the Screw at the Side. 

Euphref I was juft wondering what that Openings or 
Door at the Side of the Tube, fhould mean ; but iiOW 
1 fee how perfectly it fuits the Defign : — You'll however 
oblige me with a View of fomc fmaU Objects in thi* 
Method. 

Clem. With the utmoft Pleafure T Oxall do it, having 
|>rovidcd fc veral fif Objects for that Purpofe.— In the 
firft Place, the Ends of the Plyers itfclfj which u re placed 
to hold the Object, will give you full Satijfctiorr in this 

Point. 1 put the Cover on at the End, to ke^fp ^U 

dark about the fmaJl Speculum when opake Objecr3 arc 
defigned to be viewed, then turning the Tclefcope about,* 
fo that the Sun -beams may fall on the Side of the FC nip- 
pers next the faid Speculum, you may view the fame 
magnified in a very agreeable Manner oy looking thro* 
the Inftrument in the common M^ay. 

Euphr&f It makes a very delicate Object^ indeed, 
and Ihcws wonderfully well the microfcopic Power of 

rnagnifying in this Inftrument : 1 cannot but admire 

the fine Colours which appear ; how intenfc the Blue^ and 
Urong the Mazarine 1 — your Plyers fccmj to the naked 

R a lyc, 
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Eye, a pretty polilhed Thia^ ; but in this Inftrumcm ft 
appears very coarfc, and furrowed with the .Teeth flf 
the File. But ROW let me view fomc other Ob}c<£t, - v 

CU^n, The Skin of a Sole-iilh is what you have feci 
in Microfcopcs, and is what I Aiall now put in thr 
Piycrs for you to view, and form a Judgment of irs A^ 
pearance in the two different Inftruments.-^— It is now 
placed in a proper Light ; Look at it. 

Euph r^J\ 1 d D re member fee i ng di e fa mc Ob je^ before^ 
but X muil ackxiowledge I never faw it \n that Perfetliaiii 

and fo diftinilly, as now; ■ — I cannot f^. how it ^ 

poflible for auy Thing to exceed the Ddicacyrt^f fiich a 
microfcopic V icw.— ^Pray, how do transparent Obje^ 
appear ? 

Clion, That you will lilccwifc eafily find by vicwiAg 

one fingk Scale of this Kind in the Piycrs-: ^I hav« 

chofen a large one for this Puipofej which you may uom 
obfervc, the End of the Telefcope being now apefic4 
for the Sky-light. , 

Euphrsf. I view it with great Satisfaction, - ^ 

and bv moving the Telefcope a little one Way, and th^ 
other, I hnd that Light which fhews it to the beil Ad- 
vantage. 




the-fdifftveiiitotof lb npble iem Invention: — -But a 
Ikither Pr6l»f' of this v^eilive'ln'^tho d^cient €trti6^'ure 
thfKof, 'Bjr'iJl |he Optrcians hitherto, who^ from Fathn- 
to Sony hare gone oq in one comtnon Track of limiting 
OttfiView of ail Objt'£is tb tHp Diftance of 60, 80, or 
.loo'Feet,: according to the different Sizes of the Inftru^ 
ment ; fi> confined and indelicate were their Notions in 
the Me^rhanifm of this Inftrument, that they never con- 
iidered it as capable of improving the Sight for near Ob* 
jed):s i-^they left us to the dull Satisfadlion of diftinguiOi- 
ing a Ffy from a Beg^ a ff^aj^ from a Hornet, or an yfne^ 
momy from vl Jonquil, ^t, by the natural Sight, as if 
the general Form and Appearance of Objects were all that 
we -were to be foUicitous about:— -But thev who know 
the Pleafure of the more improved and refined Views even 
of common Obje^, cannot but look upon the iifual 
Strudure of our reflo^ing Telefcopes as very imperfed^ ; 
every Object about us we view with a naked Eye, ap- 
pears fo ftrangely altered by the* Telefcope, that you 
icarce know what you look at. I couid engage to fhew 
you many of them, without your bcingiable to guefs at 
the Subject, though ever fb well known in a vulgar 
View. ■ ■ I fhall now try you with an Object you are 
well acquainted with ; but had I faid nothing to you, I 
am weU afiured you would not have had the leaft Idea of 

it, even from the mofl perfect View j for this p4ir- 

pofe, turn yOur Back for a Moment, and be upoA Ho- 
nour not to look upon any Thing but through the Tele- 
fcope, when I fpeak;—— There it is; teir me what 
yoxL fee, 

Euphrof. I do not know that I can prefently, — it is 
feiQething vaftly large, with a great Elliptic opening at 

one End, clofed in a fpheiical Form at the others 

over all which are a Number of large deep Holes in pro- 
per Arrangement, each oi^e big enough to hold- a Bullet ; 
T— the Whole Teems of a huge cylindric Form ^ and I 
do really think, had you not been fpeaking of this Sort 
of Deception, I fhould have formed no Idea of die Thing 
at all \ but as the Cafe ftands, I Judge it mud very much 
rcfomble a T/?imbli, which GulHvir might have feen oi| 
ihe Finget of the BrobAmgnaj^ Woman at .work with s( 
Needle. ' ' ." '^ 

^5 
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CUon. Tlic Conceit is very juft ; for ihc Apw 
W£>uld have been much the iime as your fmijl Thinibk 
thus magnified, by the Meg^lafcopi: For now this Initru^ 
mcfit leaves the Name of x Telercope, which denotes jlt 
ihewing difl^mt Ohjeiis mifi but when we come to spply 
it for viewing Objects th^t are very near» it is cmlled in 
£ngyscoP£} and on Account of its flicwing a\1 the 
larger Sort of ObjectSj ftill much larger than they appear 
to the naked £ye^ st is called a Mecalascqpb, 

Euphrd. ft is on this Account, 1 fuppofcp that ch« 
fmaUer Sort of reflecting Telcfcope* arc made witli i 
Drawer^ or Tube^ to Hide out by Means of Teeth uii 
Pinion on the Side. 

CUon, You are right, my Eaphr&fyni^ that Is the De- 
fign of this Conftructioni for by that Me^is you may 
lengthen the Tclefcope as you hoid *t in your Hands for 
viewing any Object in the Room where you fit, or any 
where about you to theDiilance of within 2 or 5 Feci ; fef 
Jet the Object be placed where It will, you need only direct 
your Telcfcope to it, and, turning the Screw once or 
twice round, you wiU be prefented with a new and de* 

lightful View of the fame : Here, raJte this inftru- 

ment, and look at any Thing you plcafc about 
Room. 

Etiphrcf I will : And firft let me Icok at the C 

pet. How very coarfe the Texture and Colours i|)pear 

an odd Figure it makes, indeed, Next, i ir tew the 

Blind in the WinJow, which looki as coarfe as Wiit-^ 
lattice, inflead of Linen-Cloth.^-^I now cum clie Tube 
to the Horfe-bair Bottom of the Chair; and thefc I firouU 
never have known, had 1 not firft feen them with a naked 
Eye: They look more like Hurdles of poliflied Whak* 
bone. — 1 next direct it to the filvcred Plate of the Baro^ 
meter, where the Glafs-Tube, with the Silver in it, 
appears as big as your Walking-Cane, and 1 can plaiirly 
fee the Index ft and at Fair* ■ I fliall next remove it 
to the Fruit-piece, and there I obfcrvc the pi(h of Kcc- 
tarins, Grapes, and Philberts, a$ natural as on the 
Table it fclf. — I view piy Grandfather's Picture^ and il 
gives Life and Relievo to the Face of the old Gentleman j 
^\s Face, his Nofe, and Lips, all projeGtin fuch a Man^ 
fier, as if coming out of the Canvas. 



ni* 
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I J Ckm. Thcte Objects may afford you a fine Entertain* 
rJiitnt withi/i Doors } but now throw up rhe Saih^ aind 
view th« glorious Scenes of Nature over all the Garden 
:fore you ; jluA this 1 fliall propole for your AmMlemcnt 
iWhik 1 withdraw, at present, to make good ain Ap- 
i^mcment. 



I 
i 



DIALOGUE X. 

Of the genuine ConJlruBi&n &f Reflecting 
Teliscop£s, and alfr of a new proportional 
Camera OBsctrRA. 



I 



IN our forrcr Conrerfatioii on the Subject of reflcct- 
ing Telefcopefi, I obfcrved to you, its general Na- 
ure in affiflmg the Sight to dtfcern mod perfectly dl 
Kinds of Objects, great or fmall, remote or near aC 
Hand I I have IiJcewife further obferved, that the Er/ors 
of ViAon, by Reflection, are incomparably lefs thati 
thofc by Refraction, and that therefore the reBectin^ 
Xelefcope isjuftly efleemed the moJ) piriect of aU optical 
Inilrumcnts ; and then, with regard to the Conftruction, 
I have (hewn you how that is to be improved for a more 
generai Application and Ufe of it. But there Ja ftili ond 
Thing remaining, which, I think, you ought to be 
apprised of, and that is, that the reflecting Telefcope, 
in its prefent Form and Con^ruction, is not made to 
anfwer that Character truly, or it is not, properly fpeak* 
ingt a pure rffieifmg Tekjt&pt; but its Effect h produced 
rtly by Reflection, and partly by Refractioni and 
here fore called, by OptictaiiSi a Caf^di^ptric Telefcope • 
'hereas, that which produces Vifton wholly by Re- 
ection is properly called a Cat9ptrk TcUfcope i of which 
ore at another Time, 

Muphref How do you propofe to explain to me the 

onftruction of the reflecting Telefcope ? 

Clf^n* I have already fhewed you how the Metals and 

(jtaJTes axe placed in thit Telefcope, which are fuch as 

preexprtBed in this Figure (See Fig, 1.) where A B £ H 

fi the Tube gf the Tclefcope, and C P D the Eye-piect 

R 4 at 
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at the End, B E the ^reat M^tal vf^ith the Hole C D in 
the MlddlL', G H 1!^ a Stem or Foot on the other End, 
which fuppor's the little SpccuJum jr y j in the Eye- piece, 
WX is the ftrll Glafs, or that which is next to th^ 
great ivlc tali ^-'^ i^ the lecbnd Glal*:, or that next the 
Eye at \\ 1' an v^^ 

Eupirsf Tliiii I know is the Dirpofition of the Gldles 
in th.' Ttl^fcoi e i have fe^'n ; but now, how the Image 
is lormcd by Ref.^ctioiii and .Refraction l>qth, you will 

C^iPti, I vvill ; In rjrJcr to wh^h, let at and ^^repre- 
fert iwri R;iy^ pTocee^iing from 3 I** int^ of a very diftant 
Object placed in the Ax^s.of the TeltfctJpe; tbev-will, 
afui Rt'Jiection from the Fiiiiits f, i3^, in the large Metal, 
be Con ei;»cd t j a Point > in the faid Axis: And, In like 
A'J.ir^ntT, ili\)^ poteL (ling from all other Points of thjt 
C object vvij[, b' the gre* t Spt'f u^Tm, be converged to fo 
ni.,iiy other IV^tnis ar the Dift.nce C^/j where they wiM 
ail lotttt^'T tomi the image of r hit' Object I M. '^ 

Erjfjtaf. Thh T Wf^JI l»' member ycu fhewe<I me^ in 
exp' mijvi; ^ht. N lure ot Ctncavt Mirrors of Glafs ; and 
iTifir^over, ih. t ihr Pofition of the Image' I M is coittrarj 
to that nj" the Obj-Ct, or inverted* Laftjy^ | obfervcd 
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Glafs, which you would find would make no Diffcirnce 
at all in the Appearand of an Image, or perfpccEivc Pic* 
turr, formed thereby. - > 

Eiifhr$f. 1 apprehend you very well, and fhall interrupt 
you 110 fiirther m this Matter. — What do yOu tiext ^b- 
ifervf-in the Structure of this Inftrument ? 

CiiQft. You are 10 take Noiiccj that the Pomt/'is the 
folar Focus of ihe final] Speculum xy^ and therefore bj 
niovine this Specuium to the Dtftatice G#, greater than 
its focal Dtftance G f^ the Rays ty and i r, diverging 
from the middle Point i of the Inrvage, wjII^ after R«- 
I /Icctipn at y, y, be made to cor> verge to Tome diflant 
^^ Pomt in the Axis at jt ; but, in their Pafikge at « tf, art 
^Bidterceptcd by the Brft Glafs W X, and by it are refracted 
^V to a Point nearer to the Glafit at K, in the Axis of the 
^p Tube ; alfo, two other Rayfi^ I G and M G, proceed- 
f ing rrom two extrtme P^rrs of the Image I M to the 
Center G of the fmall S|>cculum^ are from thence mu- 
tually and akernately reflected 011 contra y Sides in the 
lame Direction towards the diflant Pofnts ^W A; but in 
their Way are intercepted by the firft Eye-glafs in the 
Points W X, and from thence refracted to the Points 
R S J and therefrire the fecond Image is R KS^ and is 
formed partly by Reflection from the little Metal xy^ and 
partly by Refraction through the Glafs W X : And 
hence it is, th^t the Inftrument^ m this Form* partakes 
.of the Nature of a reflLcting and of a refracting Tde- 
fcope, and is of a middle Kind between both, 

Mtjphr^f. And therefore, of Courfe, it m' ft like wife 

parLike of the Advantages and Difadvanta^es of both 

thofe Surts of Tt-lefcope^ : The principal Imperfection, 

fur>pofc, is that arifing from Refraction through the 

Chis W X, 

Ciem, You obfvrve rightly, my Euphr&fyni^ that is an 
Objection that a Cacadioptric Tclcfcope '\^ liabic to ; the 
fecond image cannot be formed without a c^Urtfic Rc- 
•fraction, anU therefore cannot be fo perfect as one that is 
formed Wholly by reflected Light*. At prefeni, 1 have 
' another 



* N, B, We have rhousilu neceffary to tlluftraceihe D*J^lrioe 
of reHediiij Tclcfcopea by Figure L of Plate 4S, as it wtil! 
^ ' 9>i greatly 
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^tnocher opt teal Inilrument to defcrtbet whicli I fj 
will give you equal Plcafurc with msiny of the fofcgoijigjf 
efpecially as u con tains » in a fmall Compafs, a gcncni 
I ^raxifi of optical Experiments : The Inftrmnent 1 foeaa 
h a rnw prsporii&n^ii Camera Obfcura* 

Euphr&f It is a pretty Inflrument^ I a Mow ; but how 
-docs this differ from the common Camera Obfcura f 

Ciem* In three Rcfpects : Firft* in the Form ; bst 
[0tih h the leaft of aJt material .-^Secondly, it formi an 
Image iti any alEgnable Proportion to the Object, in alt 
legreci below Equality. — Thirdly, Pp^ti/oM's Micn>lcape 
adapted to iti for exhibitlag a large Image of anf very 
Tcnatl Object* 
Euphraf, By what yoii have faid, Clemkrn^ 1 fuppofe 
le Ufe of this Cmmra is principally for Drawing, 
C!mn^ That is the chief Defign of it : As the Arts of 
►efign and Drawing are very innocent^ inftruccivc, and 
|jifefulj the jr ought to be con fide red as a Part of the polile 
~^rduCacion of every young Lady and Gentleman of Gt- 
^^iusj and therefore all Helps jhould he furniHied for 
indering them eafy in Practice : And as every Art pro- 
sds at firit from Imitation, fo do thofe more efpccially 
'hich v^ relative to Drawing and Painting, and the 
IJbetter the Oiigm«ls are, the more exact and ejcquittec 
miW be the Improvements that are acquired by co|>)ing 

?f them ; and it is well known, that Nature's Drawings 
^crfpcctive, and Paintings are in themfdves moft perfect, 
Snd thet^fort; ought to be pc^opofed in the fiill Phce ks 

Imitfttiofii 



greatly aflift the Imagination in reprefcntiflg the Cou rfc of Uw 
Kay« of Light, by right Lines drawn in the Manner ai the 
It ays arc reflc^cd by tne Speculums, and refradcd through the 
OldTei, as we could not fb well give a Reprefentation of the 
Sun-beaitis paJti fig through this Inilruosent in 9, darkened Aooia, 
a* we did for the fe vert 1 Sorts of refracting Telafcopc* it) Plate 
47 ; alfo in Figure IF, we have Ihewn how the feveraj Pcivcil* 
of Rays procee<GnF from the Points of a diflant Objefk O B are 
rcfraftcd by the dtaiTesof a common Telcfcopet ^m^ the Oh- 
jed'glafs X «, and the three Eye-glafTes a ir^ f ft f r\ fo as m 
ttioducc diftinit Vifion upon the optic Nerve m the Eye in thm 
^verted Pklare np; by obfemng the Coarfe of thofe RayS|,j 
pr Lines, the Reader will have a better Idea of what wu deli 
ver^ on this Subject In a foroier Dialogun 



// 
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Imkatioii, They who do not draw, or dcfign^ from 
Nature, in eftecz do nothings aii neither Spirit nor Sub- 
iimitr can be found in any other Compofition? : But in 
order to qualify a Perfon to copy Nature with Art and 
Judgment^ he ought fiift to be acquainted with the Na- 
ture and Rules of PcrfpectivCi for Nature, it is well 
known. Is all Pcrfpective to the Eve. If we take a Sur- 
vey of Fields, Gardens^ dt0ant Towns, tsV, they all 
appear lO the Eye as if reprcfented on a triinfparent f^lain, 
placed perpendicular to the Horizon at 2 fmall Diflance 
from you. 

Evphrctf, If then I take you right, CU^mmi^ you mean, 
as yonder Fields and Meadows appear on the GlafTes of 
this Saih-window to my Eye, viewing them here in the 
Roomf 

Cieen, Exactly in the fame Manner, my Etiphrnfynf^-^ 
aJI the Ground beyond the Window, which you ftie, 
rifes on the Glafs-plain, and, by Degrees, the Paru 
leflen to the View as they are more remote, till they be- 
come very indiiHnct, ana gradually dffappear in the moft 
diflant Part which you fee^ and Is called the perfpective 
Horiaon on the Window, 

Euphr^f, In what you have now faid, you fe«m to have 
defcribcd a vifual LandCcape on the Window* 

CU&n» The common Landfcapc is only the fame Thing 
in OiUcotours on the Canvas, if executed by the Rulei 
of Art.— — 1 only take this Opportunity to convince yoU| 
that all pidurcfque Reprefentations of Nature are ftnSlj 
limited by perfpediveKules; and they who do not there- 
fore obferve them in their Drawings, and Defigns, muft 

never expCr^t any Praife for their Performances,* Now 

as ail thofe Imitations of Nature are a Sort of Miniature- 
painting (for the largeft Landfcapc is only a perfpeiflive 
Keprefentatton of a large Field of View in a fmall Com* 
pafs) therefore, in order to facilitate fuch a PradicC| 
Art fupplies inanifo)d Helps to that End, — A Perfon th« 
fnoft Ikilful in perfpc^Jvei and in the Art of Defigning* 
fucceeds but ill in Landfcapc- painting, without long 
Practice in the common Way» orothcrwifc by having Re- 

fcoufff to their Affiltance,^ ^What I mean regard^ thae 

Variety of artihcial Figures and Landfcapes that art 
piadc by diierent Sorts of GIa(fe«'p for you very well 

?tnoFf 
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inow, that no poliflied Mtcour can be exposed to » 
Building, or di leant View, .botthere immcdiaecly refulti 

an exumfK>raneous Pidlure cf, the' fame in true Perfpcc- 
tive, if the Glais ba of a proper, Size. 

Etiphof. This I hsre o£icntimesi with the higfaeft 
pleslujc, obitTveJ, and I think OQchin^ can compare 
with ih^ B^autjf and Perfc^tign o/ thofe Landfotpes that 
3 have feen formed by Urge Co i) vex Spec ultwns.t — Thoic 
Pjdurts which you ihewcd me in the darkened Rooot, 
Ibme 1 imc ago^ areof the fame Kind, but inverted .^^ 
Jn fhartj I cftt^n amuft: myfcir with the pi£lurefquc Ap- 
pearance of ObjecLsj by Ri^Jlcr^iQii of almo(t evcrjr Kind 
of Gfafs that comes in \nj Way. 

Cii^n* Ai thofe Glaues give fo jull and artificud « 
RrprtfLntadon of any particular View of Nature, they 
It^vc been nit-ch uf^rd in tho(e Sorts of InAritments ca!led 
portable C^xfWii Ohfiuras^ bccaufe in them the Artji): caa 
fciiily obfcrve the true Dilpohticm of all the Pans of the 
Piece he intCEids ta draw, the Contours or Out-lines of 
the Figures, the pcrfpedive Dimimitlon, the ClarcJatrSf 
or tEic Ltght and Shades, witti every other Circunjftancc 
DL^cclTary : i he obierved in farming the pcrfetfi Pi£lurc*— r 
Btit afier all, this Inftrumenc is not perfect in a principal 
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EMfhrjfu I retucmber 
ftandj tb*t n* the Object* approaches the convex Lens, 

the Image wHI recede from ft j for as the Diflance of the 
former dccreafcs, ^ tfwif of the latter will increafe, and the 
Size c>f the Image wiM alfo increafe along with it: AnA 
according to thi-s Doctrine I can caftly conclude, thast 
the Diftances of the Object and the Image may at Length 
becoWc? eq'^at, and thatconfequent!y they themfelves wtll 
become ecjuiil allb j but what the Ratio of thefe Diftances 
is, for anjr given Proportion of the Object to the Imtgc, 
I prcfurte the LeaTned only can know. 

Cieml I can cafdf f«pply you with a Rule for deicr- 
mming the fame 3 hut as it will be different fur every 
different Sort of Glafs^ liTiall not pretend to ttoublc you 
with it, having put it in yoitr Powerj by Means of this 
Inftpuifient, to form the Irnagc for any Object equal t« 
Magnitude lo the Object itfejf, or in any Proportion Ic&» 
at Pleafure, from one to a hundred Times, — One Thitiff, 
however, I think is a Matter of fomc Curiofiry, and 
tbepcfore proper you ihould know, Vf%. that when an 
Image and Object are equal, their Diftancc from the 
Glafs being alfo equal| will be juft dbubJe the fbca! 

Dift*jficie of the Glafs. Thuf, fnppofing the focal 

Diibmce of a Glafs was nine Feet in a fcioptric BalJ and 
Sockcf, phced in the Window-fhuc of a dark Room, 
then il you were to pkcc yourlelf bcft>re the Window, at 
the Dift^nce of eighteen Feet, a Pcrfon In the Room wiW 
ic6 your Face of the fame Magninide a;s it really is, 911 
the Screen at the DiitancfL- of eighteen Feet from tht 

Window. In tha f.ime Manner^ if the Glafs were 

but ten Inches focal Diftance, arty Obje£t placed b^forfe 
it, at the Diftance of twv^nty Iiiches, would have the 
Image formed on the Screen at the Diftince of twentjr 
Inches from the WinJbw ; and this U the Cafe of one of 
thcfe Glaflcs which belongs to this^ proporttonat Ctfflwri 
Oh/ruts^ which being fcrcwed on tn the Front of the 
Boje, and being then drawn out to the Difi^ance of twenty 
Inches, marked on a proper Sciile, whatever Obje^ it 
placed before this GTafe, at the Dtilance of tweh^ 
Inches, will have its Image formed on the Ghfi of ail 
equal Si2e with ^eOtij«4^« *- 
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Eufkref Let me try that Experiment with mySnulT- 
box J which I will place in an advantageous Light : 
Now kt Die draw Out the GlaTs to the Diftancc of 20 
Inchcsj^and then I move it forward and hackward ull I 

fee the Image perfc<^ ; and then, as you ohferve, 1 

iec the white enamelled Lid» ^nd the whole Bo^ )uR of 
an equal Size. 

Ckm, Then there let it rcft» till Imeafune the DiHaiK^e 
with this Ruic, — which, you obfcrvc, js juft 20 Incites 
from the Glafs to the Box^ the fame as the DUIuice of 
the Image. — And heiice you fee how e^f it is 10 draw 
any Obted^ not larger than the GJafs, of an equal 

Eupbr§f. On the Right-hand Part of the Copper*plite 
Paper, on the Drawer, is a double Row of Fi^rei »(h 
pofitcly placed by the Scale of Inches i pray, wbitdo 
they denote ? 

Ckm. They fhew the Proportion of Magnitude between 
the Objc6l and the Image when formed on the Glafi, 
when the Drawer is moved or fet to any of thofe particn^ 
lar Numbers : Thus, for Inftance, if I move it to the 
Number 15 or lO^ then is the Glafs 16 Inches and A 
from the End ; and whenever an Image in that Situation 
15 formed in the Glafs, its Size, or Diraenfion of Length 
and Breadth, will be to thofe of the Object as jo to 15. 

Eupf^^f. After the fame Manner, I fuppofe, if I move 
the Drawer co 15 Inches on the Scale, the Outlines of the 
Image then formed on the Glafs will be to thofe of the 
Object in Prgponion as 10 to ao, or juft half as big 

CIr&n. That is the y^ry Thing; you there reprefent 
the Object of half its natural linear Dimenfions* 

Euphref But I obferve in that Scale, the Propamm 
go no farther than of 30 to i o. 

Ckm, It is true; when the Drawer it moved qtn 
home to the Number:^ you mention, the Length and 
Breadth of every Image on the Glafs is juft | Pare of 
that of the Objcct,^ — and this is as far as we can can- 
veitientiy go with a Glafs of 10 Inches focal Diflance ;— 
Sut now, if we take that out, and place in another G)a& 
of 15 Inches foCal Diftance, then with that we can fbrni 
an Image in any Proportion IcCi than the Object, f iqai 
that of I to x^^ Pajt, 
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Euphr^f, For this I obfcrvc yau have a Scale oft the 
Left-hajid Side of the Paper^ — and thit when the Drawer 
U moved quite out to %o Inche«, the Proportion is then 
ms I to 3. — If I move it to iB Inches, the Proportion it 
that of I to 5; — Again, 16 Inches and | gives the Pro* 
porrion of i to 10 ; and thus^ I obfervc, by moving it ta 
the feveral Numbers fucceilively on this w^6 the other 
Scale^ I can form an Image in any aiUgned Proportion 
kisthan the Object, by ufmg the proper GlaiTcsj which, 
on many Occafions, muft be very convenient, 

CUm. The young Artift will always find Occafion for 
4lrawing of Objects lefs than the Life, and oftentimes 
t>f a given Size^ which he may do by this Camtra as well 
as by any other, and have the Pleafurc of fcdng at the 
fame Time the Proportion between the image and the 
Object : But of this I have faid enough to give you sl 
clear Idea of the Nature and Dcfign of the InJlniinem, 
and OiaU now Jeavc it with you to render the Ufc of it 
more familiar^ by Practice, and to make it a Part of your 
Amufemcnt at kifure Hours ♦, 



DIALOGUE XI, 



Concerning the Transit &f ihe Planei Venus, tfW 
f/x E G St E s s from the Solar Disk, on June tbe 

»6iby 1 761, iMiheA^rningi together mtb fome 
C A L c u L A r IONS nkiive f^ ibeEuEMEnTsof 
i^r Theory. Alfo of tbe Satellite fupp&fii 
10 attend her* 
Evfkrojyrtf, 
A T X-ength, the long expe^ed Morning came, and 
X^ ^^ univerfal Phsenomcnon viewed to greater Per- 
fection^ 




I 



I tkotight It not ncc^lTary here to (ky any Thing of the Ufe 
of the Sei/ir Mkn/cefi^t fince that will not be difficult to aoy 
oneacquamted s\ith that Inftnimcnt already fo fally defcribol 
This new portable C^mtra Q^/cttra is ftiewn in Fig, L of 
Plate L 
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fe^ftion, than could be cjcpe£fced from the Weathtr for 

many prec::ding D^ys. Well, I cannot but (^y^ I 

viewed the glorious Spectacle with more exquifite Plealure 
*nd Satisfatttion, than ever I beheld any other Objcd iq 
the whole Circle of the Creation ; and toother Mmiring 
Mortal 5) as well as myfclft I make no Doubt but (b£ 
appeared more dtfirable and eligible in her fable Dr^ii, 
than when arrayed with all the Splendor of the Morning, 
' Phofphrus and Hefptrui are indeed moft glorioui 
Contrafts of what fhe appeared this Day u^on the Sun: 
— — Divefted of all her ufua! Radiance, Ihe fhewcd 
hc:feif in the natural Simplicity of a dark^ or opake 

Planet, fo large, fo black, fo perfe(SHy round, ^nd 

uniform in her Motion, that flic anfwered perfciftly to 
all the Ideas of Expectations that had been formed from 

every Prediction of this great Event, And fmce I 

have had the Pleafure of obferving this Phsenomenon, 
I muft defirc you to give me fome Account of the famei 
and how you apply it to the Ufes you furoicrly mentioned 
to me. 

Ckon. The Morning, upon the Whole, proved very 
favourable; the rifing Sun wouJd have been an aceeptsibk 
Sightj bnt this was not permitted to us at £flWijff, though. 
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Geon. They were adjufted by Regulators the Night 
before; but whether they were exact as to what the 
Aftronomcrs call the mean Time, was not fo much the 
Queftion here ; the principal Thing, in regard to the 
.Time, was the Divifion of it into Seconds y for by this 
Means we couU obferve, nearly to a Second oi Time, the 
Moment that the Planet touched the Sun's Difk inter- 
nally, and alfo the external Contact, within a few Seconds* 
Now, if you remember, I told you that Venus at this 
Time very accurately defcribed/^wr Minutes of a Degree 
in an Houry or 60 Minutes of Time, and therefore one 
Minute, or 60 Seconds of Motion in each Quarter of an 
Hour, or 15 Minutes of Time; which is at the Rate of 
four Seconds of a Degree for a Minute, that is, 4"' for 
every Second of Time ; from whence you muft obferve, 
that a few Seconds of Time in the Duration of the 
Emerfion will produce no fenfible Error in the Space 
defcribed by the Planet in that Time. 

Euphrof, I farther obferve. that you were not a little 
anxious about the Size or Dimcnfions of the planetary 
Spot, -and that you took Notice in particular how far it 
fell fhort of the Number of Seconds which Dr. Halley 
gave it in his DilTertation. 

Cleon, This is another Point of no fmall Importance 
towards perfecting the Theory of this Planet, as without 
it no great Ufe could be made in Calculations depending 
upon the exa£t Time, or Space defcri bed in theEmerfion, 
as I fhall illuftrate to you more particularly in a very large 
Diagram b\'-and-by, which fliall be a Reprefentation of 
the Sun's Difk 8 Feet in Diameter, and that of the Planet 
3 Inches, by which every Thing relating to thofe Par- 
ticulars will be evident by Infpeclion. — Dr. Halley made 
the Diameter of this Planet 75", whereas fhe appeared 
by our Meafuremcnts not to be 60''. I had prepared an 
Inftrument for meafuring the Diameter of the Planet with 
the greateft Exa£lnefs, but found it was impoflible to 
apply it in a public Company. 

Euphrof. By thefe Obfervations you can afcertaiij tli« 
Ratio of the Diameter of the Planet to that of the Sun ? 

Cleon^ Yes, pretty nicely ; for Dr. Halley gives 3 1 ' 5 1'' 
or 951 " for the Diameter of the Sun : But by meafuring 
it very accurately by the Micrometer, a few Days after 

Vot. II. " S the 
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the Tranfit, 1 could cot m,nke it Ufs than 32*01 
and fuppofing ihat of ihe Planet was nearly one MmutTf 
their apparent Diameters were to each other as 32 to 1-^ 
By this Experiment of the Tranfit, we End huw miich 
more accurately the Planets are to be meafured whca 
di veiled of their Luftrc or Radiance, 

Euphrof* I remember you told mc heretofore^ that 
this Planet was near as big as the Earth j but Hncc yoii 
have now found her Diameter kfs than was ufually cfii- 
mated, I fuppofe flie will fhrink to a lefs Bulk, and wc 
ihall now have a grt-ater Superiority over that Planet in 
regard to Magnitude, than was heretofore fuppofcd. 

Ch'Qn, Yes, fhe now dwindle very much indeed ^ th« 
Magnitudes of all Bodies, viewed at the fame Dlflance, 
being in Proportion to the Cubes of the Diameters : Now 
the Cube of 75 to that of 60, is as 412 to 2j6^ aiul 
therefore the Planet is, by this ObfervatioHj redyced to 
nearly one half of its former fuppofed Magnitude, or to 
little more than half that of the Earthy and roufl now 
be reckoned the kaft of all in the Heaven* but onci vi%* 
A^ercury j whereas, heretofore the Plaiict Afars was 

thought to be £0. However, her Magnitude is fo 

very confiderable, that, in regard to her Vicinity to tlie 
Sun, fhc makes the moiV rcfplendent Appearance, and 
has always been regarded as the moft beautiful of all 
the planetary Syftem, infomuch, that the Godde>s of 
Beauty herfelf was honoured with her Name. 

Euphnf, This Phsenomenon of the Tranfit of V€wa 
is looked upon as a great Curiofity, I fuppofe, on Accooor 
of Its brp;icning (o very rarely j but what may be the 
natural Kcafon, or C^vufe of thls^ I fhould be glad to 
Jcnowr, Ckonicui^ 

Ckan. You will eafily perceive the Reafbn of it, when 
you Tecolk(3: what I have faid concerning the Limiu of 
iblar and lunar Eclipfes, and efpecially if, with that, wt 
confider the Smalhiefs of Vmus^s Diameter compirrd » 
that of the Sun, :^v^^ the long Intcrv-ils between xht 
Conjun^ions of this Pknet which produce a Ts 
and, la!lly, the great Pjoportion which the VclcKJ;, -- 

the Earth bears to that of P^mui in her Orbit* -But 

to be more particular : You are to confidcr, (1,) Th^r d 
^inui wa» to move h\ aa Orbit m the Plane of ihc 

£d;ptiC| 
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Ecliptic, Ihe would then appear to pais over 
the Sun in every inferior Conjunction, which would be 
in the Space of one Year ^nd 8 MuDths nearly. (2.) 
But the Orbit of p'mus docs really make an Angle with 
the Ecliptic of nearly three Degrees and a half, and there- 
fore the Orb of the Planet cannot poflibly be feen on 
the Sun, unlefs (he happens to be within a certain Di- 
stance of the Node at thofe Conjunctions; and though 
the Inclination of the Planes of the Ecliptic ajid her 
Orbit be fo fmail^ yct» on the Account of the Smallnefa 
of her Diameter, the ecliptic Li.TJtt on either Side the 
Node would be fomewhat more than four Degrees^ if 
Oie were to be viewed at thofe Conjundlions from the 
Earth at rcfl, (3,) But the Earth and Planet being botb 
in Motion, and fince p'^enus moves at the Rate of fotir 
Minutes in an Hour, and the Earth 2 28" per Hour^ 
their Velocities wili be in Proportion as 240 to 148^ the 
Difference of which is 9a" : And on this Account the 
angular Motion of Vmui from the Ecliptic (as viewed 
from the Earth in Motion) will be increafcd in the Pro- 
portion of 240 to 92; and therefore will amount to near 
eight Degrees and a Half; Hence, as her vifible Path 
makes fo great an Angle with the Ecliptic^ the Limits 
,of the Tranfit will be greatly contracted, or will not 
amount to more than one Degree and three Quarters on 
each Side the Node, inftead of 4 Degrees and |, as before. 
From hence it will appear, that Vtnui and the Sun rouft 
be very near the Node at the inferior Conjun£tion, for 
any Tranfit to happen : And of Courfe, fince ( 4thly) 
the Intervals of thefe Conjunctions are fo great, the 
Qhance of the Sun*s being within the Tranfit-Limit 
when Venus comes round to the Node, is confequently 
very great alfb; and therefore it will appear, upon aiU 
thefe Accounts, that Venui can be very fcUom fccn upon 
the Face of the Sun* But I fiiall take Occalion to iilu- 
iirate thefe ThingSj by a large Diagram^ ic another 
Opportunity. 

Euphr^f You will by that much oblige me, though 
I can very eafily apprehend the general Rcafon of all that 
you have now faid, frotti the altronomical Principle* 
which I have heretofore received from your loftruCtions. 

— But now, CUmcufy let mc know what kind of 

S 2 Ufea 



2Go THE YOUNG GENTLEMAN 

Ufcs you intend to make of your Obfervation on the 

C/f^.fU As the Beginning of the Tranfit couU n&t 
b^ obServL'J ill Efiglmid, the great or general Dcfign, vr:^ 
of makuij; a jiirjpcr Kitimation of the Parallax sf iht 
SttHy CO u 111 riot be pretended to, this mu ft be left to a 
Comp.irH'oii of m^ny Obfcrvatioiiy that are made in very 
(liHl-rt'/it iind difUnt Placts, whcfc the ParaUdKes of 
Longitude niid Lntitutle favour thatDeffgn tn the grrateft 
jjci^ret: ; and tfii^wil! be a Work of fome Time, But 
when :ill the Obftrvatlons that have been made here, with 
proper Decrees of Accuracy, arc compared, the PoUtioii 
of ifnmh vliible Piiih upon tht? Sun will be nearly 
afccrtatncd : Alfo her vifiblc Latitude at the Conjunflion, 
and I'bcT of the Node, will be dcducible from thence, 
which arc Pnints of theutmnft Con fide rat ion to be fettled 
in the I'hcory vf this Planet's Matron. I have prepared 
a Diiii^ram rh.it may fervc to giveyoy fome Idea of what 
I mean rclatinr to thcfc Subjects; That Part of' the Sun 
on which the Plajiet appeared to us, let U5 fuppofe to b« 
rejircfcntcd by HLIMN,* the Center of the Sun S* 
MH a P;irl of the Ecliptic, and CD the true Path of 
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Planet appeared in the Horizon at A at Sun-rifing, it was 
then deprelTed below the true Path at C by the whole 
C^antity of the horizontal Parallax, which is more than 
4c '' But as the Planet advanced on the folarDiflc, and 
tiv- bLii gttw higher above the Horizon, <he Quantity 
o; the Parallax in Altitude did conftantly dccreafe, and 
tncreturo the Planet's apparent Diftance from its true 
Path niufl be always decreafmg likewife as it pafTcs from 
A 10 D^ and that in fuch a Manner as to occafion th« 
v:fibic Path to be in fome Degree a Curve-line; fo that 
wl)fn it came to touch the Sun's Limb internally at (<?) 
when thcDiftance of ihe Sun from the Zenith was about 
41^, then the Parallax in Altitude was but about 30% 
and therefore the Apparent Diftar.ce fiom the true Path 
at the Egrefs was more than one fourth Part Icfs than at 
Sun-rifing. 

Euphrof. You have fatisficd me in this Particular; 
and I think in your Diagram the Planet makes the very 
fame Appearance as ihe did on the real Difk of the Sun. 

Cleon. It is drawn pretty nearly in the fame Proportion 
as you then faw it on the pafte-board Screen; you obferve, 
the Planet is here placed fo as to touch the Sun's Limb 
internally and externally at (a) and (c). 

Euphrof, This, I prefume^ I can conje<5^ure the Rea- 
fon of J for I well remember, you were often fpeaking 
about the Method of determining the Pofition of Venus's 
Orbit, from an Obfervation of the Time in which flie 
palTed from (a) to (V), or the Time of the entire Egrefs 
or Emerfion from the folar Difk. 

CUon, It is true, my Euphrofyne^ this was what in- 
duced me to be more than ufually curious, and anxious in 
nicely obferving the Moment of l^ime for each of the 
two Contacts } becaufe that Time, if it could be accu- 
rately defined, would give the Length of the Space or 
Line {a c)^ then if we draw the Line S a and S c there 
will be formed an oblique Triangle « S r, in which all 
the three Sides are known, fuppofing the Diameter of 
the Sun and Planet to be exactly determined by a Micro- 
meter. If then we continue the Line caXoY ^ where i^ 
meets the Perpendicular S F, from the Sun's Center, the 
piftance of the Point F from a and c w.ll be known, 
frorp Principles of plain Trigonomctrv, therefore alfq 

S3 th$ 
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the Di (lance of F i, which is juft half the Length rf 
the Chords or p.^nilUtlc Path of Vtnu! upon the Sun: 
Hence, th'jrcforc, the Time of dcfcribing that Cht>rd 
would be known ; al fa from htnce the vifible Conjunction 
SP will be likiwife known, and alfo the Foint of the 
iCcIipdc tcj which the Line B F tends, or Place of the 
Nod^ will like wile become known : And wben^ from 
Obfcrvntions made abroad, it (hall be known what the 
tnieQ^Kintiry of Venui^ horizontal Parallax is, then £F 
will be alftj knctwn, which is the Difference of the true 
Path from the vilible One, and therefore its Pofiticn 

will be known alfo,^ ^But it muft be confcffcd, that 

Mitttr^ oJ" fuch great Nicety and Importance ought not 
to bo tiuiled to, or made to depend upon one finglc 
Obfcrvation, l>ut ought to be deduced from al) that arc 
nir.de of the Phiju't while it was (^cw on th-" Difk, but 
principally tliolt which relate to the Time of the Egrefsi 
ajid the pLTpoiidicular Dlftancc of the Planet from the 
Limb of the Sun, at different Inftants of Time, during 

tlie Tiiinfit.- — Therefore, at prcfent, we muft be 

farisiied to have only a general Notion of thefc Matters, 
:;nd muff po^lponc the farther Confidcration of them to 
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l)ccn obferved to move in a Circle directly before the Eye, 
it muf^ neceflarily have been obferved on the Face of the 
Sun, un]efs it happened to be in the lower or fouthern 

Part or its Orbit. From the Accounts of Mr. Caf^ 

finiy Mr. ^hort^ and now of thefe French Philofophers, 
it is very certain there is fomething that muil: have ap« 
pearej a^^out thePlanetin their Telefcopes ; but whether 
it be a Satellite of the fame Nature and Kind with thofe 
■which belong to the Earthy 'Jupiter^ and Saturn^ is a 
very great Queftion, becaufe of the unufual Portion of 
its Orbit, and of its very feldom and precarious Appear- 
anoe. Were it only an opalce Body, like another com- 
mon Satellite, it would, like them, appear at all Times 
in a uniform Manner, more or lef» enlightened, but ge- 
neially in the Form of a Crefcent, like the primary Pla- 
net itfelf ; and as Venus is fo near to the Earth, at her 
inferior Conjunctions tfpecially, it would be impoffible 
not to have a frequent View of a common Satellite that 
attended her. — ^ You muft, therefore, in regard to 

this Phenomenon, wait for farther information to arife 
from repeated and accurate Obfervations, and, according 
to thofe which have been already made, the Time for 
fettling the Theory of this Satellite feems not to be very 
near : But if ever it comes to pafs, it will conduce not 
a little to the Advancement of Aftronomy and natural 
Philofophy ; for, in the firft Place, the Aftronomy of the 
Secondary Planets will then receive its laft Perfection, 
for no Satellite is ever to be expected about Mars or Mer- 
cury, And, Secondly, the Power of Gravity in the Pla* 
|iet Venus can then be known and compared with that in 
t-hc Sun^ Saturn^ Jupiter^ and the Earth ; for the Quan- 
tities of Matter in any two Planets arc in a CL'rtain Ratio 
of the periodical Times and Diflances of the Satellites 
which revolve about them, and confequently the Forces 
of Gravity which are proportioned thereto ^ and that 
this Planet, in her lower Conjundlion, approaches (q 
near the Earth, her Force of Gravity and its Influence 
on the Motions of the Earth and AJoou may be looked 
upon as not very inconfiderable, and confequently the 
Share.it has with the perturbating Forces of the other 
Planets and Comets, introducing Irregularities \t\ the 
Jljotions of the Eaith and thi Moon^ may then be 

S 4 cfti^n^ted. 
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cfllm^Lted, and confequcntly the Theory of thefe PUncts 
(ihc moil: cGiifiderabk in the Syftctii) will be thereby 
grenily irri proved, 

£uphr:^J\ Smce fucU great Events depend on % Dif- 
en VI. ry of a SattU c-j about l^enus^ it is not to be feared, 
I ("ir.pole, that the Vigilance of Aftrcnomers will on« 
D.;y or other put that Matter out of all Duubt, sjid 
fati^fy Pfjfkrity whether it be a real Satellite, or a mere 
IgHu> Fiiti^us uvdt now a I ufes thcin and perplexes their 

Cuiicfuv, But what is this Preparation, or Apparatus 

ot Globes, C)irL:ric5, aiid other Thingi which I ice hcfC 
upt>ii th'j 'I'abit' ? 

Ckzn. Th.fe, my Ettphrofym^ are m tended to enter-* 
lain vctu with an artificial Tronfit^ and not only that, but 
1 3k'. wife to explain, at the fam* Time, the Ratimali of 
lb cunous a PhaeJiomcnon as far as 1 can do it by In- 

ftrumcnts.- It is a great Satisfaction and Pleafure 

which the real T ran fit has afforded fo many tboufanii 
V'trtuafi^ hut, I thin it, that is not eoough for you ; for 
it has ever W-t-n \ry chiefcft Care to enliven your Ideas 
with iht' Rxithnah of them, and then yoii have the 
hi2:hcn Kiueit.iinment that the Nature of Things afford* 
. — You htrr obferve thice Inft rumen ts placed on a 
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Eufhrof, The fame String, or filken Cord, I obfervc 
goes on the other Side to the Tranfit Inflrament, as you, 
call it, which, as it confiils of a Board with a black 
Ground and a large filvered circular Plate in the Middle,^ 
is, 1 fuppofe, intended to reprcfent the Sun in the dark 
Field of View in the Telcfcope; I likcwifefee the filkci^ 
Line go over that Part of the filvered Plate which Ventu^ 
traverfcd on tlie real Sun j and fo, I prcfume, reprefents 
the vifiblc Path of Venus on the folar Difk. But where 
is the PLnct itfeir, Cleonicusf' 

CUon, That you will fee by-and-by ; You will, 

firlt take Notice that, in general, the Motion of the 
Earth will nccefiarily give Motion to the Orrery on one 
H:ind, and to the Line over the artificial Sun on tnc other; 
and that, by this Means, the Planet Venus will appear in 
the periodical Revolutions about the Sun on one Side, 
and exhibit the natural Ciiufe of her retrograde Motion 
and Conjunction with the Sun, in the Orrery, at the 
fame Time that fhe is fecn to pafs over the folar Difk, in 
the Tranfit Inftrumcnt on the other Side. — And, laftly, 
the Motion of the Earthy the relative Pofitions of its la-t 
habitants, and the fcveral Moments of Time for tb^ 
rcfpedtive Phafcs and Circumftances of the Tranfit, are 
all fhewn by the Globe. 

Euphrof, But if you intend I (hould have a clear and 
diftintSt Idea of the complex Effe<ft of this Apparatus, 
you muft be particular in explaining what I am to fee, 
and have a diredl Regard to, in each particular Part of it. 

CUon, This I will do: And, firft, with refpedt to 
the Orrery, I will place all the Planets in fuch Parts of 
the Ecliptic, as they appeared in on the firft Day of 
January^ or the Beginning of the prefent Year, andj^ 
when the Machinery is in Motion, you will have a par* 
ticular Regard to the Motions and Pofition ofVenstf 
and the £tf//i& ; and, on the 6th of June on the Plate 
of the Orrery, the Planet will come exactly between the 
Earth and the Sun^ and from thence the Manner how the 
feal Tranfit is occafioned will beeafily conceived. ♦ . 

Euphrof. That I fhall attend to ^ but what am I to 
obferve in the Earth ? 

Cltojt' The following Things ; ( i.)^" order to adjufl 
^e Earth %o its proper Pofition for that Time, I brin^ 

th« 
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the Index, at one End, to point to the 6th of Junn 
which will bring the North-ptile of the Earth to its pro- 
per Siuiation in the enlightened Hemirphere, (2.) As ih^ 
Sun is then over the middle Point of that Hemifpherc, I 
turn the Globe tiJl the Meridian of London palTes through 
x\\^ Sun in that Point, and there holding it faft, I turn 
the l)i:il-platc till the other End of the index points to 
X!l ^1 Noon. (3.) Then I revolve the GJobe backward^ 
'till the Index points to about a Quarter after II in che 
Moriiingj which w.is nearly the Time of the Beginning 
of the Tranfitj at London. (4.) Then ih:i Ifland of 
Grait-Br'iLytH^ and all other Phces have their refpcttive 
Situations for that Phafe o^ the Tranfit. 

B up href. I fuppofe you mean thai" any particular 
Placc^ as it is fit u ate in the light or dark Hemifphcre, 
will be iiblc to view, or not to view the Beginning of 
the Tranfit. Thus, for Inftance, Londm app^a^is at 
that Time far within the darkened Surfjcc of the Globe, 
and St. Hfkn<7 ft ill more remote from the Circle of lUu- 
mrnaticji, whilft, on the other Hand, I fee BetscoQkM in 
^umim\i^ and all the Eaftern Part of the Globe, in the 
illumined Hem ifp here, viewing the Planet entering ihc 
foiar Difk, in various Altitudes above the Horizon, 
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it is rery flow^ will afford you an Opportunity of view* 
jng very minurdy all the PecuHarities of tht: Tranfit m 
each feparate Machine, — ■■ — I wind up the Spring, and 

naw oblcrve the diurrial Motion of the Ea.rth, the 

and the artificial 



pJanctaiy Motion:* about the Sun,* — 

rianct or Patch juft entering the eallcrn Limb of his 

Difk. 

Euphrcf, The fcvcral Phatnomena you rnentton m the 

refpcCtivc Machines are now very obvious : In the 

Orrery, 1 fee all the Planets moving in their proper 
Orbirs from the Beginning of the Year j and though 
the Earift be at that Time before the Planet f'fnui^ yet, 
as that Planet follows with a quicker Motion^ (he is 
every Moment advancing nearer and nearer to a Conjunc- 
tion^" *till at Length I perceive them both in a right Lifte 
with the Sa», on the 6th Day of Jtine^ on which Account^ 
as fhc k then fo near the Node, fhe is there fecn to paft 
over the Face of the Sun ; and as ihe h then defer! hi ng 
that Part of her Orbit between the Earth and the Sitn^ 
fhe mult neccfiarily appear to have a retrograde Motion, 
and enter the Surt% Difk on the eaftcrn Side^ as, I well 
remember, you ihL^weil me in a former Leflbn on thefc 
Subject? T all which gives me a clear Idea of the aftfo- 

nomical Rathnak of this famous Tranfit, ^ — ■ Then, 

with regard to the Earih^ I perceive it moving with a 

diurnal Motion analogous to that of the real Earth.- 

At the Beginning of this Motion, the Index points to 
II o'clock in the Morningj and the Ifland of Great-Eri^ 
fain then is in the darkened Hemifphere; and 1 have the 
Satisfaction of feeing, in one View, how all the Parts 
of the Earth are fituated in the enlightened and dark 
Hemifphercs, which gives me a clear Idea of the Timc3 
in which the Beginning of the Tranfit %vill happeii 
to all the Parts of the Earth where it will be vtfibie^ 
and of all othcf Parts of the Globe where it will not 
Be fcen. 

Citm. Here I mufl interrupt you for a Moment 

you remember that fome Mathematicians were feiu abroad 
to obfcrve the Tranfit in diftant Parts of the World, their 
Defttnations were originally tmhc Illeof St. //ify^H^, and 
to that of Sumatra : the fir ft of which you obfcrve near 
1 6" of fouth Latitude, and about d** 30' Weft of the 

Mcridi«ia 
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Meridian of Lond^in^ and therefore far from the cnlight* 

en-d Hemifphere at the Beginning of the Trandt, inlb^ 
much, that they only arrive to it juft Time enough to 
obfcrve the End of the Tranfit in the Morning ; nor had 
thev any other View originally, in their Deputation to 
St. Hdena^ than of viewing the End of the Tranfit near 
the HorizoHj that they might have the g^reatefl Parallax 
of Altitude, which in that Gafe would be nearly equal 

to tht.- horizontal Parallax of the Planet, But with 

Refpect Lo the Ifte of Sumatflffj or Ben£$oktf^ the Defigil 
was there to obferve the Times of the Beg inning and End 
of the 'l*r.infit borh, and coufcquently the Dumtion of 
the WlTok', in order to com pre it wirh the real Tintic of 
Duration as obfcrved from the C nter of the EiiriJf ; and 
for this Purpofe, you fee this Ifland is ficuafced moft 
adv antageoiilly in the enlightened Hctnifphcrc i — but^ by 
a Par:igri(ph ui the late News-PaperSj we underftand thia 
great )L)efi;:n h fruftratcd j for, by that we learn, that 
thafc who went out in the Sea-horfe for that Department, 
were obliLcJ^ by ill-fated Incidents, to put in ac the 
Capt* cf (j5si 7/i/^i', whofe Situation, as you fee on the 
GiobL\ at the l*ime of the Beginning of the Tranfit* is 
far within the darkened Hemifphcre ; and confcquentti 
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Arms. — By this Time I fee the Britijh Ifle is juft 
upon entering the illumined' Hemifphere, and the Index 
now points to about J after II : — But the Capt of Good 

Hope is ftill in the Dark. And juft now I perceive 

the artificial Planet, or Patch, juft riling above the Hori- 
zon, and fo far advanced on the Solar Difk as it appeared 
to thofe who had the Plea fu re of viewing that Part of thfe 
Phsenomenon. — As the Motion of the Earth continues, 
the Parts of the Surface are fucceflively brought into, 
and carried out of the enlightened Hemifphere, ana 
England^ arrongft the reft, gradually proceeds towards 
the middle Part of its diurnal Arch; — In the mean Time^ 
the Plan'^t regularly advances on the Sun*^ Diflc, — :— *-«. 
and is nearly in the Middle of her Path when the Indent 

of the Globe points at VL The Cape now enters 

the Sun-beams, and obferves the Tranfic more-than half 
over, while the Sun is not yet rifert to St, Helena, 
The Earth keeps revolving uniformly upon its Axis, and, 
at length, brings St. Helena to enter the enlightened He- 
mifphere, and foon after views the End of the Traniit at 

a fmall Altitude of the Sun above the Horizon. 1 

obferve the artificial Plan^ to be now much about that 
Pofition of the Suns Difk as when 1 firft faw it through 
the Telefcope, vi%, about feven o'Clock in the Morning 

of that memorable Day. The Motion here of the 

Planet, I plainly fee, is every Way fimilar to that of the 
real Planet on the ^ttw'sDifk. The Motion of the Pla- 
net and the Earth being perfectly correfpondent to each 
other, at length the Patch arrives at the weftern Limb of 
the Sun^ and fhews the internal Conta6l of the Planet at 
the Time the Index points to a few Minutes after VIIl 
in the Morning.— —And it is very curious now to ob- 
ferve the artificial Egrefs^ which feems in every RefpeA 
to bear a proper Refemblancc to that of the natural one. 
- '" The artificial Tranfit is juft now at an End, for the 
Patch is now in external Contadl with the Limb of th^ 
Sun, The Index of the Globe now points to nearly half 
an Hour after IX, fo that I obferve the Timeof theEgrefs 
here is about eighteen Minutes, which h the fame as was 

obferved- of the real one In the laft Place, I fee thd 

Pofition which our Ifland had on the enlightened Hdmi'* 

ipbere at the Time of the total' Egrefs, and alfo the rela- 

I tive 
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tive Situation of all other Phces where that PKaenonienoft 

could be feen. And now, CU^nicuSy I muflr acknow- 

k'ttge that yoii have, by this Mean5 or Contrivance, con- 
veyed to my Mind as perfect a Knowledge of the geogra- 
phical and optical Principles of the Tranfit, as I could 
poflibly have from any artificial Machinery, and, for your 
Care and Trouble hereinj ihall ever think myfelf highly 
indtbttid. 

Chon. It ever wiSj and will be my Study to reprcfcnt 
the various Phscnomena of Nature in fuch a Manner as 
may mofl: exactly correfpond with the Operations of Na- 
ture itfclf ; and nothing will more felicitate my Succeft 
than the Plcafiire and InftrutStion that may thence re- 
dound to ont^ who is fo dear to me as yourfeJf, 1 fear 
I have, by this Time^ proved tedious ; but you wtll 
rt^mcmber, it is upon a SubjciSl that, like the fttukfF 
Gijmt'Sy happens but ena In an Age, 
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and, indeed, ever fince their firft Invention, their Effedb 
have been greatly udmired by all who delight in Optics. 

Eupbrof If I can judge from the Sound of the Word, 

this Inftrument employs both the Eyes ; and as I pre- 

fume the Inftruments you fpeak of, are thofe* before us, 
they appear to me to be a double Telefcobe^ one of the 
rcfra£iing, and the other of the reflecting Kind. 

CUon, You obferve very rightly in each RefpeA ; the 
Binocular Telefcope confifts only of the Glafles of two 
common Telefcopes, properly adjufted, to fhew the fame 

Objc^ to both Eyes. Yoii will readily conceive the 

DeJign and Utility of this Conftrudtion, by confidering 
how great the Advantage of common Vifion by two 
Eyes, is, in Comparifon of that by one only : It hath 
been ufually made an Argument of a moft obvious Pro- 
vidence, that Animals are in general furniihed with two 
Eyes, that they might not be dark with the Lofs of one ; 
but we may add to this, the great Pleafure and Perfection 
of viewing Objects with two Organs of Sight inftead of 
one ; Nor is this at all diflicult to be experimented, as I 
make no Doubt you ^avc oftentimes had the Curiofity 
to try. 

Euphrof, I have many a Time tried that Experiment, 

and found the Difference very fenfibly : The Field of 

View is not only more confined by fhutting one Eve, 
but the Objedts are lefs vivid and bright, and feem, as it 
were, diminifhed and contra£led to the View. 

CUon» It is all very true that you fay ; but it is very 
obfervable, that the Difference is nothing like fo great to 
the naked Eye as by the Telefcope, where, as we may 
fay, this very Difference is magnified in Proportion with 
the Objects themfelves ; and this is that very wonderful 
EfFeCt that I juft now mentioned, and which fo ftrongly 
recommends this Inflrument to all the Curious. 

Euphrof, But how are the two Telefcopes adapted to 
exhibit one Idea of the Objedt only : One would think^ 
that, by two Telefcopes, we fhould have two different 
Views of the fame Obje^St ? 

Cleon, The natural Reafon of this is the fame as that 
by. which an Objeft appears but one and the fame to two 
caked Eyes, notwithftanding there are two Images formed^ 
one in the Bottom of each Eye. For by the wonderful 

Difpofition 
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Difpofttfon of the nervovs Sy0cfi)» the livo oftk Ncno 
are united in the fame Part of the Brainj where the Sen- 
fat tons of each Image, or the ld^a« which ihcjr aecufnin, 
are united in one, and fo pngient it to th« commeut StA- 

fory of the Mind j and you wiU c^fi^y conceive that the 
Telefcopc, fingle or double^ does n^t rnukiply the Imaeep 
but magnifies it only. The Ima^c in e^ch Efe U ftflf Sie 
fame J but only larger j and therefore two Te/efcopct otiljf 
produce two largLT Image? to the Eye^, infteatd of twt» 
fmall ones, ;ind confcqueatJy the Mind has ilill thic^gU 
Idta of the Objei5l, but enlarged. 

Eupkrof* 1 prefume, this is pretty miich a paraUcJ 
Cafe with thofc who ufc Spcillacles \ for they, with two 
GlaiTcs, fee the Objcd enlarged, but (ingic at the Cunc: 
Time* 

CUsn, Your Comparifon will hold,* provided 
Spe<5tacles you fpcak of are difpofcd as they ought to 
(but thofe of the common Mate arc not,) viz, when 
Axis of the GUfies are both dire<i^ctl to the Object 
we view, and there liucrft'dt each other ; And this ij 
Cafe of the two IVlefcopes which compofc this InA] 
meat, the Axis of each are fo dlredled^ by a^iji 
Screws, as to point to, and terminate in the Objcd 
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Tee fojttJer Houfe in the mofl agreeable View you ever 
l>ehcld it. 

Euphr^f* I do, fiire enough, -I find every Thifi"^ 

jufl as you havctlefmbed it: With both my Eyes 

i fee the Field of View, in Appc.irance, wonderfully 
enlarged : The Appearance of the Houfe more natural, 

eafy,"nnd vivid. But when I fliutoneEye, then 1 

fee the very great Difference you fpcak of, the Field^ as 
it were, feems contracted ;ts well as the Objects • and 
every Thing has a poor and unpk;ifant Afpe€l fq Corn- 
par? fon of the former. To te!l you the Truth^ 

Cieom'mf, you v^ilJ, by this Ejfpcriment, put me out of 

Conceit with the common Telcfcopes*^ 1 can 

fcarccly think I fliould reafon well if I ufed a fingle Tcle- 
icope inftcad of a double onCj any more than 1 fhouTd, 
if I preferred viewing Objrdb with one Eye infttad of 
two, — Pray^ is the EfFcd nearjy the fame m the Binocu- 
lar Refleiftf^rs > 

CieQH, It Is there in Proportion heightened, as they 

magnify more than ihe Rf fnittor-i : 1 have fitted them 

for your View :- -Look now at the fame Objcdt 

through them. 

EuphrQf Well, this is wonderful indeed i^ 1 may 

truly fay I never knew what it was to view Objedls thro* 
a Telefcope before. 1 have feen them indeed magnified, 
and thought that was a wonderou^ Effe*^ i but 1 fcareely 
know how to exprefs the different Scnfattons which arifc 
from a Profpe^fl of the fame Objeils in thts compounded 
View: — Here is truly (jc m jcay quQt) fomething inex- 
prcfnbly delicate, grand, and deJightful in the £Be<ft of 

this Initrument I-- It is amazing to me, th^t every Lady 

or Gentleman of Fortune and Curiofity has nor one of 
thefe Binocub^rs in their Poflcfilon, 

Chan* You might be in an eternal Amazement if fuch 
Things were to excite it ; the Cafe is fo far othcrwife, 
that you feldom obfcrve the Purch^.fe of any Inftruments 
Is in Proportion to their Merit and \5^^^ % Things in com- 
mon Vogue, that give us no Trouble to unJeHland their 
Ufc, and which h,ive been made Time immemarialj are 
moftly the Subje^^ of common D^jnandi few inquire 

after new, or more perfect Improvcmtnc*. But yet, I 

cannot help wondering a little, with jfeu, that there ars 

Vol, IL T not 
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not more of thofe curious Perfons thm wc find i fo vmf 
few there arc, that I never fiw but one of thoCc Binocit* 
hr ReflcclorS) yet, in amy GeBtlcman'f Collc^oti id 
afticM Injirumir;tij and yet there \& nothing in the ?z\ps 
that is fo very extrajordinary, or difEcuU n\ it$ Ul^, liuft 
might deter People from having them, ETpc^tally,^ 
to the RelVai^lJfig Binocuhrs, whofc KKpence and Ufe 
arc both very rcafonable and ea^. Of thcfc then vac 
no lefs thaa three or four of different and very oiKoito 
CoaftruoSliQtt in the Muikum of his Gr^cethe late DuU 
of JrgyU, 

Eupkref, And was I a Du chefs, 1 would have as in«i|^ 
and every Iiiftrumcnt of every Form and Confbudvon 
that could Li0brd me any dif^rent Fleafure and Ijiftriic- 
tion % and I Ihould always look upon thofe InArumcnti 
as the principal Furnicuie of the choicci! Apartmait$ ot 
my Houfc* 

Ck&n, There is y et ano ther opt i caf I n ftr umen t , \v\\ ich | 
at our next future Leifure-, I fealL deirribe to you, aD4 
though it has no magntfying Power for diitant ObjCK^t 
is not without a Variety of Ufes ad a pied to the Ainiifc- 
mcntof Ladies and Gentlemen, and with which, 1 44rt 
^y, jou will be very well pleafcd^ 
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vtTf Jittle on their Bulk. — Pray, what ^rt the PecuUariiies 
of this Inftrumcnt ? 

CIsffn, I fliall relate them to you in Order, and ex- 
emplify them by Experiment ; One Thin^:, however, i 
ftiall pretDife with refpe<^ to the Nature and Confirn*;tion 
thereof, as ft is a Property quite pccuh'ar to Vnh InH^ru- 
»inent, and that is this, viz. thai ii gives ym £i dear View 
9f dtjiant Objtllsy wit hut ma^mfying them at ^/^ &n4y at 
the /ami l^trnt^ it pnfints pu With a magnified ViiW &f Ob- 
j. £1$ mar tH Hand^ by a proper Ch;inge of GlaJTes. 

Eupbrof, Pray, what, and how many GhiTcs have you 
in this hiftrumcnt ? 

Ck^.n. There ire efTentia'Iy no more than tworequlrcdj 
and thofe both of the fame Form, or Figure, and confe- 

qucntly of the fame focal Oiftance : And, as to the 

Pofition, they are placed, as you fee, one at each End 
of the Initrument, and from this Conftrudlion you will 
eafily under ftand the Nature of the Inftrum^nc, from 
what I have former Jy faid of a Telefcope with two 
GlaiTesi for in fuch a one, you remember, I toJd you 
that the magnifying Power was in Proportion of the focal 
Diftance of the Objcfl-glafs to the focal Di fiance of the 
Eye-glafs. Now, in this Inftrumcftt one Glafs is to be 
confidered as the Object- glafs, by which an Image b 
formed ; the other, as an Eyc-glafs, by which it is viewed ; 
but fincc thefe Glaifes have an equal focal Diftance, the 
Image will be equaJly diftant from cither Gbfs, and 
confetjuently there can be no magnifying Power at all 
with refpett to diftant Obje£ts : For the Image will 
ppear under the fame Angle to one Eye applied to the 
Glafs, as the Object Joes to the other naked Eye, and 
therefore they mul^ appear equal, as you will find by 
Experiment* 

Eufhrof Pray, let me try that Expa*Iment.* 1 

wilt place myfen on this Side of the Room, and look on 
the Safli- window on the other Side, arid fee how the 

uarrels d^pear, in the Manner you formerly directed 
e by viewing it with one Eye applied to the Glafs, and 

the other without it.^ And now I perceive the 

Truth of art yx^^ ^ay»- e^<^h (parrel in the Window 

is of the Cmie Btgnef^ in the Inftrumenf as to the nakrd 
Eye, andy by properly removing it, I make the whol« 

T a Frtm© 
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Frame m the Image exa£ll^ cotn*ri4e with xh^ A\pt9tTii 
of the Win.ow itfdf to the naked Eye : VVh'irb, iki 
fore, MW proves that the Ima-ge mttl tbe Obje£| 
equal to each other. 

CitsM. You Will fsrtber ot^lcrire, that in the C< 
Ihu^tioa of this In(lnuii''At diere h it Scr^-w £uid Cdf 
tti the EQlJJle Part, for another Glafa ; whicii t& lo be 
of the Csunc focal Difbnce with the other Two, ivhofe 
Ufc is to rendrr the Fidtiof View more perfe^ titvrindi 
the extreme Part ; by which Me-ati* the Eye tnty be 
applied nearer, and view the Ohj?^ to much ^wmm 

Adv.ntage, ~_ — Yoii will (atisfy yourfelf b;^ the L%- 

periment : For I have now put in the thiitl Glafi^. 

Eutthrof It is nrally lad : The Imager of all Objifi* 
that I view^ appear in an enlarged, and a much mfifc 
perfe^ Field, even to the extreme Cireumfercnw ; iftii 
Glafs IS a great Addition to the Dittiai^ii7& ud Pcf-* 

l€£lJon of the Inilrument. But it is lbmctlua| 

of a Paradox to mc^ that a Q\^h^ which, in itfclf, feos 
fo confiderablc a magnifying Power, fhould yet, whm 
placed in the Inftrument^ appear to have no EfiTeci of 
that Kind. 

nhavt Onl-irol OlsHVe ^rirttt^/l in jltj&if ^n f' 
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other In a ftnall brafs Frame plactd in the middtc P^rt oC 
the Inftrumcnt* 

^m Eupkr^f, How^ by Means of thefe Micrometers, yo\i 
H meafure a vifu^l Anglt-, be plcafed in the next Place 10 
HcxpUin to me; far, as yet, I am not acquainted with 
^ftfherelnllrumeiits of Meafure. 

^B CUsn, A MtcHOMETEE is an iDdrumenC of great 
" Uie in the nicer Computations of Agronomy, which 
coficerus the Magnitudes and Diftances of the heavenly 
Bodies : Bui, in the Ufc of this Inftrumcnt, great Ex- 
atftiiefs is not required; and therefore a Micrometer made 
of a Screw will aafwer this general Purpofc as well as 
any, and will be more fimple and leaft eKpcnfive of all 
others; and a Screw that has^rfy Thna^s in an Inch 
will be fufficient for this Purpofe. Then, if the focai 
Diftance of the Glares be om inch^ the Angk% which is 
fub tended by the Interval between two of chofe 7" breads, 
will be J** 26 '» and two will fubtend an Angle of 2^ 52% 
and 3 Threads will fubtend an Angle of 4*^ 18', and fo 
on J the Angles and their Subtcnfes being very nearly 
proportional, when very fmall, and therefore, by obferv* 
ing how many of thofe Threads of the Screws the linage 
ot any Object occupies, it will be known from thence 
what the Quantity of the optic Angle is under which it 

appears i- And if a Screw has a greater Number of 

Threads to an Inch, as fuppofe 60 or 80, the Accuracy 
of the Inftrument in meafuring the optic Angle will be 

in fuch Proportion greater. But though this Uie 

of the Inlhument may the Icaft concern you, yet it may 
be oftentimes of great Importance to thofe who are con- 
cerned in meafuring the Angle under which difbnt Ob- 
je»:ts appear, which are generally very fmall, in order tQ 
form a Calculation, or an Idea of their Diflancc, by 
previouily knowing the Dincnfions of the Objc^, 
Thusj for Inftance, by knowing the Number of Feet 
in tbe Length of the Crofs on the Top of St. Pe^ui\ 
and obferving^ by this Inftrument, what Angle it 
fubtcnds to the Eye, a Ferfon will immedi.ittly find, by 
the Rule^i of Trigonometry, what Diftancc he h from 
that Objea. 

EuphtGf^ This is an Affair of too mathematical a Na- 
ture t'jr me I there arc others, I rirefumej more adtptcd tq 

1 3 ^*y 
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Tiiy UiitlciflanJiiijj which may aHbrd me fomc Degree 

Cifdn. There arc, moft ccrlainly \ the next I IbaJI 
int:nLJoii i.^ one or thejn, wiiich is, that by Mextns of 
I his iititrumciit wc may cafiJy judge of the comparative, 
or apparcrst M:^gnitude of Bodies : For when you ^Kould 
cuiJip.ire the Appurcnt" Magnitutle of ;iny two Object*, 
yuu only mtux the Inliruincnt in fuch a Manner, a&ihaU 
triiig the Im..^c in each Objtit fuccelBvely upon the* 
Thiea(^5 of [lit: Screws, and then obferving how many of 
thole Thrcid.s arc occupied by each. Thus, for Example, 
if thtr lijiLigt of one ObjeiSt was equal to the £>iihrK:c of 
two Threads of the Scrfew, and ajiothcr nieafiired three 
ThfLad^ ; then their apparent Linear DimcfifiOAS would 
be ill Proportion as 2 to 3, and their Surfaces in Propor- 
tion to the S4uarc3 cf thofe Numbers, viz, 4 to 9, and 
their Sulidities as the Cubes, or as K to 27 : And thus 
the aoifipariitivc apfcrmt iV/r/^fl/Wf of all diilajjt Bodic* 
jn^y be cafily citimated, 

Ei4pkrQj, I'his, i allow, is a very pretty and inflruc* 
Live UftJ of the Inftrument, as nothing is more common 
than to hc:ir People afk.j How large do fuch or fuch 
Objects appear ? whereas, it is impoffible to give any 
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Euphmf. I believe I pretty nearly comprehend your 
Ivlcaning : For, fuppofc I was on the Bank of a River, 
and I took, with this Inftrumcnta the apparent Magni- 
tude of the Body of a Tree on the other Side, and thea^ 
retreat from the River, fo far, 'till I obferve the Image 
of the Tree occupy but one Half the Number of Threads 
as before; then the Di (lance 1 have gone back from the 
Bank vriU bejuft equal to the Width of the River^ which 
by this cafy Experiment becomes known. 

Chm^ That is juft the Thing that I nieani and, in 
like Manner^ yoti may apply it ta meafure the Di fiance 

«f many other maccciTible Ohjefts, ^Again^ another 

Ufe of this Inftrument is to view the Height of an Ob- 
je£tj when you know the Diflatice from it : For, bv 
knov^in^ the Number of Threads in the Screw which 
gocoanlnch^ you, by that Means, kngw the Proportion 
of the Image of any Objedt to the focal Length of the 
Gtafs; and thii is the very fame as that of the Height 
of ihe ObjwSl to the Diftancc yoti are from ft j and 
therefore yoti may only f^ty, as the Number of Threads 
contained m the focal Length of the Glafs is to the 
Number of Threads which meafure the Image, fo i^ 
tlie Diftance of the Obje*5t to the Height of it j which 
ihercfore becomes known wi;hout any farther Trouble. 

Eiiphr&f. Thi> Application of the Inllrument appears 
not the lealV confiderable, 10 ihofe who underftand the 
Ruk 6/ Thrfe. But you were mentioning fome other 
Ufes which would be Hill more interfiling than thcfc, 
vi%. fuch as rdate to viewing Pnnts, Pi£turesj l3'c. 

Clfon* Thefe Ufes require a Change of Glaflcs in the 
Inftrument ; for as one principal Dcfign hereof is to 
view diftant and pcrfpective Prints, one of the equal 
G la Acs at the End muft be chin^'d^ for another whofe 
focal Diftance is longer ; fur the*i that will add a magni- 
fying Po«ver to the Inllrument: but thi-i is upon Sup- 
pofition, that the Print or Picture that you view, is at 
a Diftance from you, and in itfelf not very largc^ or 

greater than the ufual Size of Family Pidures.; 

But if the Pidure, or Rrint, be in tcfelf very large, and 
near at Hand* 2s ^ for Inftance^ upon the 1 'able befare 
you, then will the Indrument, without any Change of 
GlaiTes, <io^ for jji ihtfi Cafis a magnifying Power is not 

T 4 required. 



U 
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fe^LtVcJ, i]\s I:r.a^3 filling the whole Fiild o£ Vie^, 
iftU.twac itj ;in,, ir*dc-d, that is the only Rule to be 
ti'b^vr^A lu lI\ Ciifcs wh^foevcr, that fuch a Glafe h^ 
ai>; U.ti *.*? iA*;U i^i'e ihe Image of the Object to appear 
^-^ i^^i^ zs \*>^ Fivl ; of View will aidntit of* and then the 
^«r. tttl-1 hit^zi cf die Infbument wi]! appear, uiz. a 
iTij:: r.*.:urJ a::4 ."lae Relievo of ail the P,irts : This will 
iiL: '.'. L^^i' K<n by Experinicnt, thaa expirrtVe^ bj" Wofdi, 

llcXf ^.i.'^'f ihe perfpeclivc Print hefoce you on the 

T^^h, wi^iiGui changing the Glafies. 

E'tfbr^jl it ii r. hue View of St. P^mTs CaithedraJ, 

I Li. ^z t^nc£ ; Thc^Mgu^ Pilerifvs to the V^iew^ an4 

Ks ir;i.j^u:c Dome and C^ah appear fublime in the Air; 
— — 1'nc nriri :ill in proper Arrangement and Diftaiice, 
^c.ii r:.^ whole Architeclure appears in the iiatar^i apdl 
,^ 'jriijus CLiuirutLion &f tlie Well Front ; The fpacloui 
^irkM, or Co^M before, a^ pcjiis expanded and in the fam? 
r ^lur.l P<;t-r|:. : ivQ as if I was viewing it from the adja- 
t n: C'lrnLr-iuup in Ludg^U-Jirftt : — The Pedcfials aic 
-i iv A. ivtiJ iUf Majdty, v.ith the other embkmatical 

S: liA^iy a.i^L.^r as natural and vivid a^ on chc Spot., — 

1'^ lit t!,- \\ :L.le, I think this a fufficicnt PrcK>f of the 
i\cv !!',.: t*r^ u/ thi5 inilrument in vit^wing perfpcdiiic 
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CIcoft. I will go and invert two or three for this Pur- 
pofc, without letting you know what they arc 'till you 

view them. There is one now ready, can you tell 

mc what Part of England you fee ? . 

Euphrof, Yes, that 1 canyvithout Hefitation : 1 

mud neceHarily confider myfelf as on the Summit of 
JUchmand HiU^ and there furveying the beautiful Scenes 

of the diftant Country and Villa's all below : The 

peifpe^^ive Diminution and tortuous Irregularity of the 

noble Stream ; the Foreft, Fields, and Lawns, all 

attraiil the wondering Eye: But what a Change 

have you fuddenly made, from fo delightful a Scene to 

one fo fliocking to human Nature ! Cathedrals, 

Pulaces, and the mofl: beautiful Ranges of Houfes, all in 

one confufed and ruinous View ! Methinks 1 fee a 

City all in Commotion, and falling by the tremendous 
Shocks of an Earthquake I This, therefore, I am fatis- 
fied, is a View of the terrible State in which Lifion has 
lately, and often appeared, from its moft inaufpicious 

Situation. The Scene is again moft wonderfully 

changed ; the River of a fine and flourifhing City now 
regales my View; and the glorious Appearance of a 
Bridge, conftruded with one Arch, makes me fancy my- 
felf at f^enice viewing the Rialto^ fo famed throughout the 

World. Thefc Inltances of perfpe£live Views are 

fufficient. Let me next fee what is the Effect in viewing 
Portraits and family P;6tures. 

Cleon, I muft taice one down, and put it in an inverted 
Pofition, for the Reafons 1 have heretofore mentioaed : 
It fhall be that venerable old Face of your Grandfather, 
of which you have often exprefled fo high a Value ; for, 
by this Inftrument, you will fee how properly, and with 
how much Reafon you do it : Take a View of it. 

Euphrof, Upon my Word, it almoft reinftates him in 
Life : The Face, as it were, flarts from the Can- 
vas, and the poor old Gentleman feems to regard me 
with fo natural a Smile, as if he knew me in the near 

Relation, his Eyes feems lively and percipient, — 

they fmk very naturally binder his Brow, his Nofe 

properly projedis from the Face : in fhort, his whole 
Mien, or Countenance, is fuch as plainly befpeaks hini 
a Man of that Sedatenefs and contemplative Difpofition 

for 
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fftf which he was (o remdrkablc when living, By 

thefe KKperiments, I am fatisficd howr afcfyi ihts little^ 

Itif^f itmtnt b fur this Kind of Views, What oito 

Ufcs yet rcifMin f 

Clem Several ; One of which will not a little dclighi 

aouj 1 am wcU aJTureJ, ^For now, if to the two cqu-if 

bbli'c» I add a third of the famo focal Di(l%nc€ with 
ibem, and the Intert^als of the Glaflcs be refp&^ively 
|cc}uaJtto twice their focal Dillanccs, then 1$ it litud Cor 
viewing, in ii p«.cuJiar Manner, all Intaglios, or 4eep 
cut Figtjrcs ill precious Stents, Scals^ ^£. for then ihey 
appear juft contrary to -what they arc | vm^ a» Ccant§t^ 
Of wtih a Bafs Reliefer as yoti will eafily obfierve by 
\iewing the Head excavjU-d In tht5 Seal. 

Ettpbrsf* This is fomcthing vtry odd, indeed ; that 
the Head> which I know to confiJl uf a hollow Cavitv in 
the Seal, Hiould now appear with fo pcrfe£l a Rtkf04 
aJ>ove it J 1 fee cvcrjr Part of the Hcad» Hair, Face, and 
whole Bujl, juil a^ plain as the Camta^ or ImpceiEon on 

the Wax :- And from the Pidurc and Buflj wfiich I 

have often fccn of Sif ^J^^f Nm^im^ 1 gucl's this to be a 
[Jtcprelcuuitiou^ in Mniiacufc, of that celebmcd Per* 
Toiiage* 

Clisn, It IS, indeed, that venerable Man : But 

the Excellency of the Inftr ument, in this Refpe£l» con- 
fiils not fo much in the Convcrfion of a Figure, as to 
enable you to examine the Perfection of Work of thi 
Kind; for the Glal's will, much better than the Wajc^^ 
fhcw you the Care and Skill of the Artill in the Execu 
tion : Nor can you, any oihcr Way, be fo ihoroyghl 
fati&ficd of the Value of hii Performance, or the £fti 
mation which it really defeivct. Thcle Glafles, th 
fore, arc of the utmoft Service to Engrave ts, Jewdlen^ 
{^i;. fis well as to Ladies acid Gentlemen of Curiofity ani 
Fortune, 

Euphref^ But before we drop thb SubjciSl of htagHnt 
I HiaJl be glad to he io formed of the Rcafon of fo odd^ or 
rathiT contrary Appearance of the Obje^. 

Chfffi* This is one of the mofl celebrated optical Para- 
doxes, and is equally cgrious and incstplicable ; there ii 
fcarce any Thing in the optical Science fo di really con- 
trary to yic k|]own Laws of Optics aa this very Pharsu>- 

menon 



im;M 
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fncnon : For it 1$ moft certain, that the Ima?c formed 
<>f the hollow Objt'£t is ftill a ilccper Cavity ihan the 
Objcd itfclf^ and therefore one would naturaHy cxj>eiii 
to Ice the Intaglk Concave m a higher Degree ; whereas, 
on the cantrajry* it is fo much more a Camm^ or the 

Mifliivs m FroporticHi hfgher. in Pcri'pedtivc, a 

Semicircle, bejng drawn on a proper O round, may be 
made to appear .is a convex or concave Hemisphere, ^t 
pica fu re, by a proper Chrofcvr^, or Difpofition of Lij^ht 
and Shade i hut here, wuhouc any Aiuikanoc of An, a 
more wonderful Efie£t of the fame Kind is produced ; tiot 
a plarn Circle, but a concave Hemifphcrc is in any Sryrt 

of Light railed into a peife£^ convex one,— The true 

phy Ileal Reafon is as yet dubious smong the leanied 10 
Optics, and it would prove an unentertaining Difcjui- 
fiiion to trouble you with it at this Time. 

Etifhfdf Are tliere any farther Ufcs to which this In- 
ftrmncnt may be applied I 

Chm* Yes, of very confiderabje Importjince ; no In- 
fi'rument being beticr adapted fm fhewijig, to ih^- greateft 
Advantage, all Kinds of Fo/Tilsj Minerals, Ores, £iirths» 
£^iv either with a Magnifier that is now on, or others 
that might be placed in its Room : — See the Ore which I 
have now placed under the Giafs, 

Euphrsf^ I do, indeed, view a fine befpangled Surface 
of fomething ; but had you not fatd it had bten ^w Ore, 

1 Jhould not have known what it had been ; 1 kc 

the metalline Parrkles curiouHjr inter fperfed, and incu^- 

porate4 with the ftony Matter o^ the Ore, -1 could 

roc have ihought cht Metal had been fo diftimftly viiible 

in its natural State a^ I now perceive it to be, Ejr 

the Colour 1 guefs it to hr Silver, as it appears not in ihc 

Jeaft difguifcd in the Stone :— But what ^r^it. fu-s ny 

Eyes in the higheft Degree is, to obierve the molt t urjous 

V egeution of the metallic Matter, it evidently fiiOMts 

into various Sprsgh nnd Forms, in many PLicia like a 
Kind of Ramification 5 and, in others, the RepreSi nu-" 

tion of a beautirul Foliage.- Surely, CUmicu:^ ihxh is 

a very rich Piece of Ore, as I fee it fo very repieie v.ith 
filvcr P^irticles, over all the Surface expo fed to View, 

Clem, it is fo rich, my Euphro/jne^ ih;it one Pound of 
this Ore contains nca^ four Ounces of Silver,— But 

now 
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BOW I w']] pl.icc under the GJafs another Sort of Ore,-* 

fee, if vou c'An tell me what it is, 

huphiif By the fine Ap^iearance it makes, of a rici 
JO id CoUmr, 1 jadgt: it to be a Piece of gold Ore. 

C/ts/?, 1 thought you woulti be miftaken, on that Ac- 
count ; jiiid yuu fee, from thaicc, how eafy it is to be 

(JEccived by Appearances i- -The Ore which you 

nctw vIl'vv [^ VAit Gold, but Copper Ore j and what you 
fee ia fuch brilliant goldL^n Colours is neither Gold nor* 
Copper, but wh:it the Miners call Mundieky a Matter el 
Jitdt Value jn itfclf, and only remaikable for its fallacious 

Mim"ckry of Guld. In like Manner you may, at 

your LrH",r.,, view all other Species of Ores and terre- 
ilrta! btiblLihccs^ which will afford you a moli inilrudive 
Ainiilcm^jit. 



Euph 



hrai 



I {hall be 'ftirc to embrajre every Oppor- 



tunity fur th.u Purpofe. What is the next Ufe of this 

Ui:sfj, By fcrewin^ on another Glafs at the Bottom, 
in tJ^' Room ul that which is now there, it is convened 
into a conini(-^n Microfcope for viewing any bort of fmaJl 
Ohjc^b ; bu', as this will afford you nothing new, it 
iLTd i\ui be farther infilled UDon* You will cbferve. 
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DIALOGUE XIV. 

ne Construction and Use of the Law- 
TERNA Magalooraphica, vulgurfy calkdp 
The Magic Lanthorn. 

Euphrofyne, 

PRAY, Cleonicus^ what Compliment do you intend 
to make me by this Inftrument, which I fee is a 
Magic Lanthorn^ whofe principal Ufe, z% I underfland, 
is to divert Children with, the Appearance of ludicrous 
Obje&? > 

Ckon, The Compliment I fliall make you is no other 
than the Knowledge of the Conflru^ion, and proper 
Ufes that might bs made, of a noble optical Inflrument, 
whofe Nature and Ufe have been but little conildered^ 
and thofe applied to ferve the loweft Purpofes, by which 
Means this Inftrument has been brought into Difgrace, 
and acquired the vile Name of Magic Lanthorn : — - — But 
the Abufe of Things, by the Ignoraht, does not alter 
.their Nature; and becaufe this Inflrument, is capable of 
exhibiting a large and furprizing View of any odd, ridi- 
culous, or monftrous tranfparent Piflure, and thereby 
occafion Wonder and Surprize to an inconfiderate Popu^ 
lace, it does not by any Means follow that Ladies and 
Gentlemen, nay Scholars, and Sages themfelves may not 
be very rationally amufed with the curious an3 noble 
Effe& which fuch an Inftrument can produce with pro- 
per Objeds applied to it. A precious Stone is not of 
lefs Value for being worn on the Finger of a Show-man, 
and there is nothing in the Magic Lanthorn that is fcan^ 
dalous, but the Name itfclf ; fo defire you will not think 
yourfelf affronted by having this Inftrument fet before 
you. 

Euphrof, I only jolce with you, Cieonicus, as I know 

the Reputation this Inftrument is in : But, pray, 

bow comes it to be called the Magic Lanthorn ? 

Cleon, From tne wonderful Eftedts which it was ob- 
fcrved to produce, by the ftupid and fuperftitious Part of 
Mankind, and the Vilhny of Cheats and Impoftors. For, 

em 
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on th^ fifft Intention of this and fuch like Iiiflnmn 
k Wiis wdj known how the Minds of ijnoraat F< 
woiiW b€ influenced bjr fuch smz%ing Ef&<£ls; and ar 
wt» caiy l?> conwal the Ca^ufe, die Conjuror had it, by 
this MeaJis, in his Power to work Miracles, and mnU 
^tiply the Experiments of his Magic Art; and it h AOt m 
be doubted, the Tribe of Aliracle-Mongco foiifid cbdf • 
Caufe of Impofturc to b€ as mucb promoted, hj tKif 
InXlrumentf among ttieir credulous Votaries, ^ hf aov 

• one Intlrument that ever fell into their Hands : 

But after Jl^ nothing more has been done with the M^ 

• gic Ljinthorn, to anfwer the execrable Views of Sortotn, 
than it d4ily prat^ifed with the Bible ttfelf, by the Fro- 
fellors of pious Frauds, in almoft every Age and Couii* 

ptry : and it is moft certain^ that if there were no Fco£^^ 
there could be no kn-^vifb Prccendcri Co the Magic Ai^H 

[^norfliould we ever have heard of aity fuch Thing m^^ 
,A^agi€ Lan thorn. We ihali therefore discard tbr 

infamous Appellation of Magic^ and fubflirute In its 

uRoom the true and deferved Epithet of Migmhir^^hk 

Lan thorn, by which the Nature of the InErument 1*^ 

•as it were, deciphered and explained, ^ fignifying no- 

"thing more than the pre^vdrtg a very Urge end magnified 
Figure of &f mail Objeil. 

Euphrsf, This Inltrumcnt, then, I fuppofe Is to b e \ 

[•tifed by Candic-LIght, as you have chofcn the EventnjH 
todilcourfe of it, and from thence I conclude^ that S^ 
lias fome fame AiKnity to the Sobr Magaktfit^pf^ which 
you fome Time ago e?c plained the U/e of to mc, 

CIcGn. It is in Effctft almoit the fame InOrumonr; it i 

ldiff"rr% it is true, in Form, and requires the Candle^ 
tight, as tbc other docs that of the Sun : But \% a fmiU 

i<^antity of the Sun-beams will fu&ce in a Mcgnlafcopef 
find in the Mcgalographic Lunthorn a very great Qitan« 
tity of Candle-light is ncccilary, therefoi^ the LantiiofSi 
nuifl nccelTajilv exceed the Megalafcope in Bulk, as 
ffiuit contaui the Candle itfclf, and a large Specului 
or h^tk% by which the Light may be collcifted fuffidi 
to ill urn male.' the Oiije<5ts that are magnified ; mid hemi 
lft» a two- fold Co!iftrij<5lton of this Inftrumcnt, vli 

^ith a Speculum and Lens conjointly, and thcotbrt wil 
L.-nttfS ojslv. 
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Buphnf TMs, I fuppofe^ is the Rcafdn why f fee 

o Laiithonis here bcl'orc mc, one of a iargc, and the 
tether of a fmajler Si7.e* 

CitQH, Ic i& fo : The large one, m you will fee on mj 

opening the Door, has a lar^ Sprcvilum t>laced on ih« 

aclc-part^ or Left-hand, which collcuis the Light nf the 

andlc phccd in the Middle of the Lanthorn^ and then 
reflects ic to the mnfparenE Images on the Gbf^^ to illu-* 
minate them ftron^ly, and then the faid Qbjeitt is oiag- 
nified ty a glafs Lens in a Aiding Tube, which adjqib tt 
to a proper focal Diftance ; and bccaufc the Speculum 
is large, and the focal Diftance 12 or 15 Inches, there- 
fore the Lan thorn of this' Confl-rddlion muft lurceHaril/ 
be of a very confideriable Bulk*— —But tit the other 
Lanthorn, upon open in;^ the Door, you fee only a large, 
thick Lens (almott a Hcmifpherc) of Glafs placed bc-^ 
twcen the Candle and the ObjciSs ; and though in thi* 
C^fe the Surface of the Lens be not near fa large a» that 
of the Speculum, yet, on Account of its much fhorter 
^KTsd DIAance^ the Rays of Light ulll be fuiBciently 
"rong for a requifiie Iliuinimtion of the Object. 

EuphrQf. I thinks if 1 remember right, the Obje(Ets 
made ufc of in th^(^ Lanthorns arc all painted in fquare 
Panes of Glafs, and in tranfparent Colours, which are 
difpo^d together In Z wooden Frame to be applied for 
Ufc. 

Ck^n, They are fo; for it is neccfTary the Colour s# 
fliould be tranfparcnt to render them vivid and lively in 
their Images magnified st& largt? as the Ltfe:^ As 

I the Objects themfclvet arc fome of them two o>r three 
Inches long, therefore a large Lens will be nt'cciTiry iQf 
teufed ; for the Lens and its Aperture muft be propor- 
tioned to the Size of the Objedt in this, as well as in all 
other optical InitrumenLs ; and then it will be ^2{y to 
koow what Dii+ance the Lanthorn muft be placed from 
the Wall, in order that the Portrait of a Pcrfon two 
Inches long may forro on the Wall an Image of fix Feet 
high; for if the Len« which magnifies it has its Focus 
at about fix Inches .Diftancc, then it will be as two 
Inches to fix Inches, fo is fix Sc^t to eighteen Feet ; 
therefore^ if the Room be iS Feet wide, the fm all Picturi-s 
.of Men and Women will be farmed on the Wall jult 

as 
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as Fargc as the Life ; and tlisttfoK, when thofe p^inu 
ObjeSs arc properly cboTcji, tbk Inflnitncnt may iffo 
^ agreeable an Encenammcni, tnd ckatt ^s much 
Clonal Laughter, a^ any oiie cbat 1 kjiaw of. And bci 
I muft obferve to y<n]» that atnong the oM dull CI 
of School men » Rjfikliitf was dieenied no inconlidefabl 
Faculty of human Natiirc, and| m thdr Logict ar 
Metaphyfics, they often conftdertNii it as pcculiai- tei, ai 
a diftinguifliing Chara^lerilBc of Man; and fureiy foi 
Faculties were never heflowe4 upon tis in Tain : a 
therefore the Amufemcnt 6f the Megilogf aphic Lunihoi 
if they were confidered in no other Light than that 
Recreation, arc worthy of raU^^naf Beings, anJ^ confe 
quently^ far from being trnpefiinent. 

Euphr&f, As you put fo good aGlofs upon the Mattnj 
you have excited my CurioCty to fee a few Expertmenl 
at this Time, though [ cannot help t^inking^ afcer 
you have faid^ they will loc*k like PueriltiicSj or Ejrfer^ 
tain men ts hi for Boys and Girls only. 

Clion. We may fee the Force of Prrjudjcc agalnl 
Things taken up in a general Way, in this one Infl^nrc 
your almoft invincible J ndiffercncy to this poor, degrad 
Inftrumcnt i For my own Part» I could heartily wiflt we tii 
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indeed ; the various Orders and Degrees of Gentry anil 
Nobility, with their proper Habit^^ Robes, and regal 
Iiivcftments, bring to wy Mind fo naturally the Thing 
itfLlf, that I really judge this View, by Cindle-lipht^ 
iDUch to exceed thai by Day-light, if it may be fo called 
when they returned from the Abbey*— The Canopies, 
Under which our Sovereigns walk, arc very elegant and 

highly improved bv the Painter's Hand ; The Kjn«^ 

and his Royal Con fort appear with all the Pomp of foWmfi 
Majefty.— — ^Upon the whole, it is a molt exquifite, 
grand, and beautiful Scene j and were fuch Subje^s as 
ihefc to be ufcd for this Lanihorn, 1 cannot fay but I 
Jhould be as much entertained with its Effects as any of 
niy Sex* 

Cltm, But this is ftlU in the Way of Entertainmert 
only, nor has the Inftrument as yet been ever apphed 
to any other Purpofe, though tt be very capable of it. > 

— I fhall give you fomc particular In fiances of the 

fuperior Ufc of this Infirument^ In the fidl Place, 

obiervc the Objedt which now pafles over the Sheet upon 
the Wall. 

Euphraf, I know the Obje£t at its firft Appearance, 
having ieen it before in the Mig&iafcspi of the Camera 



Ohfiura 



-It is a Leaf difTected, or anaiomifed, and 



all its curioufi Ramifications and Contexture exhibit a 

delightful and inftru^tive Spe<llac!e to the Eye.- 

What other Objects of this Kind can you put into the 
L an thorn f 

Ciem* In the general Colle^Stion of marine Vegetables, 
or Sea Plants, wuh which you were fome Time ago pre- 
i^nted by an eminent Virtuofo, I obferved you m^s not 
s little delighted in recounting their various Species, and 
obferving and refletSing on their peculinr Nature and great 
Variety of beauteous Forms ; you have likewife employed 
many Hours in for ting them out, expanding them on 
Paper, and difpofrng of them in proper Frames, which 
you now look upon us the moft ornamental Part of your 

Study: You have likewife farther 6bferved» that 

moft of thofe Marine Pbnts are tranfparent, and Va^ 
r legated with Colours the moft delicaie to be found in 
Nature; Thcfe Qyalitjes, therefore, render them a pro- 
per Suhjc^l for the Mcgalographic Lanthor/i.^ — ^Accord- 

Vot. IL U iii^Jy, 
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tnglj'i I have fukclcd a Specimen or twc* of that Kifily 
and placed them on Glafs in a Frame of the ulual Fornit^ 
that you may fee them^ ©oc after the other^ «poii 
>itte WaH. 



oppol 



Mupiinr 



7C They 

k — I 



arc, 



cati beholds I thought ihcy made a glorious View 
my Framtrs> but how kifinitcly ihort docs that fall ol 
the Glory and Grandeur w»th which they nam appear' 
— — Tbey fecm to be each of them a new Specks 
hxgCy or full grown Trees^ with Limbs and Brand 
ccfcmbling traiifparcnt Coral-f of all the Varietur of ^t" 
quifite Colours :^— '— The Form, the Texture^ and Sub- 
fiance of Chefe PJantSy I really chink, could sot befhewf 
-m any other Way to fo great an Advajita^c. 

CUtn, There is no other Inilnitncut that hgs y«t 
made for Shewing aA Obje^ jb large in the Sun^s Light 
the CAmmon Mcgakrcope ukea in an Objcdl of Itttk moi 
thaA an Inch in Dianaettr^ which is too fmall £01 fbcw^ 
iiig thcfe curious Fiant&, or any either brge Objc^s^ 
the grcatcft Advantage j though fuch might be miuic, ii 
applied to the fame Purpofe, m the C^stara Ohftura^t 
^ou have now feea by Candle-light \ but the Gbl&i k 
this Purpofe nsuft be Jarge^ and the 1 ailrumcAt of Coori 
more expcnilvc tinn the common Solar Microfcopc ^ 
k is very probable^ that I ihail have it in ray Poorer, 

long^ to entertain yoa with one of this Kind^ -Bi 

to return to our Subje^fl:^ There are yet Q>^ier Uft 

10 be made of this Megal&grapbU ln£liumen^ fuice 
Siibjed that is tranfparent, immediately becocnes ippl 
cable to jt» and^ though fmall in itfclf^ yet, being 
j^ndtrcd extremely large, becomes in Proportirin 
%recabtc to the View; Thus, for Jivhancc» fupj 
«Mi have qiaf* Medals, or Giafs Piaum m pci 
Vicwsj thcfe, iUuminated and magni6cd in thjj Inlh 
»eat> would have a very noble ai^ £nc Effect to . 
Eye, if properly ornamcaicd aud tinged with &2t» 
Colotirs. 

Eupitn/r Ifiippofc, byyouc Manner «ffp«iil«j^ 
jou have fo«e fucK likeCunonties to cijLcrtaifi tne w 
and k cannot Uy btit, from the Nature of the Tbh 
t^l^S^"" '^'^ '^'^ ^^^^ yield* tcry dc% 
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Cii&n, Yoii have conje^ured right: For though I have 
hot real GUG Medals^ yet I have procured fuch as will 
anfwcr the fame Purpofe, and in a much better Manner, 
and which, I am weil afTured, will give you no fmail 
Fleafure when you are perfectly inilrudled in the Method 

of manufaduring them for your Ufe. ^What I meaa 

is J a Colleiftjon of very curious Impreilions, clea^r and 
tranrparent as Glafs itfdf, and yet without that unlucky 
Property of its Brittknefa 3 and fo they are never in. 

any Danger of bcbg broke. Another valuable Pro- 

jierty ii, that they are thinner than any Wafer, and lod* 
of them may he put In a Frank and tranfmitted^ by the 

Poft^ from one Part of the World to another. The 

Nature of thefc medal lie ImpreOions dlfpofes them to 
receive, and reprefent the fined Strokes that can be drawn 
by the Hand of the Engraver, and therefore will appear 
a more 0iarp or perfe^ Reprefentation of the Mcdali 
thiin can be expeaed from Plaifter of Parisf or any 

fuch earthy Matter. — * Again, their Codour greatly 

favours a View of the ImpreiSon; for you can fcarcely 
find any Colour ground that will /hew them to a greater 

Advanuge than iheir own natural Colour : But, 

if you chufc it, you may tinge them with any Colour 
you pleafe, by mijtmg proper Dyes or Tints with 

the Subflance of which ihcy arc made. ^Sce here, 

a great Variety of different Sorts, Sixes, and Impreffions. 

Euphref, A rich and beautiful Variety, indeed j to 
my KnowlcdgFj I never faw any Thing of a more curious 
and delightful Appearance: - ■ They reprefent the 
Bails of Men and Women in Riiitusy as naturally as 

the Medal itfelf; < — The curious Portraits, perfpec- 

tive Defigns, and Landscapes, in Miniature, are taken 
off" in a moft e]e|ant Manner, and mufi have a noble 

EffcS when magnified tn this optical Machine,- 1 

obferve, among others, the Impreflions of their pre fen C 
Majeftie9, which, 1 fuppofe^ you have made from the 
Coronation Medah 'There is all the Majefty and 

graceful Mien of the King, by which he is fo eafily di- 
jtinguiOied and known ; and a greater Likcnefs in the 
Side-view of his Confort Queen, than has yet appeared, 
in my Opinion, many Print, — I (hall begrtatly delighted 

U a en 
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to fee them reprefenttd at large, hy the magnifying Powtf 
t>f the Lan thorn, 

Clasn. I have them already difpofed in proper Frames 

for the Purpofe : and now, upon the VValI» you fee 

their Majefties almoft as brgt; as the Life, and by thi< 
Method alone can they be vcprefcntcd fo in any Perl 
tion J for if thefc Figures be compared with thole pain 
ones you fee before you, the PerfeiStion of thefc R^p 
fcntaiions will as much exceed the others, ah tbc fine 
of Engraving exceeds the common tawdry Painting o 

Walter-colours. Here you fce Nature itielf hcigb- 

tened with all the Majc% of omamenta! Decormtbm 
and Attitude!; J as f^r as the Skill of the Artift can per* 
form, and all exhibited in fuIJ Perfe^ion in thefc mag- 
nificent Views 1^ But, behold ! a City now rifes 

the View. 

Euphr^f Surely, it make^ a v^ry grand and natun} 
AppL-arance. IV hat does it re pre fait, CUmum ? 

Clten. It is an Imprcifion taken from a Medal of a per- 
fpcdlive View of the City of L&ndcn before the Fire, 
where you now fcc the aniient State of this great Metro- 

poiis^ as hrge as in a four-{heet Print : But 1 ih 

change the Scene, and prefcnt yow with fomethiiig t 

wil! be ftill more agreeable, Ic is a variegated Pi 

^f Perfpe^tive, with many emblematical Scenes on 
Lajidfcape Ground : It is the Reverie of a Medal A^mped 
en fome extraordinary Occafion^ though I cannot rec 
k£t pjirticuiarly thelJkftgn, 

Euphr&f. Be that as it will, it makes a noble Pi^ifi 
on the Side of the Room j ajid if thele pellucid Pieces 
mimatyTe drawings are capable: of fttch high Impn^ve 
men! by the optical Scicncev it is hoped our EniiiB Ar 
tii>$ wi4l think of providing proper Suhjeds fm our Eji 
tertainment ihi-s Way* ii> greater Plenty ^ 
hitherto had j fince tvcry curious Deftgn oj 
Nature cannot fall of having that Effect. - - Hut 
do I now feel a wondoiful Variety of nxithcmaiical 
furee, Triastgles, Circles, ^fft, in ono Scene, and » 
Variety of figured Solids in the otlier : Pnay, what is the 
Meaning of all thiSj Ch'^tncus ? 

Ck$n. Titcfe were intended, v\y ^Euphr^fyife^ f not k t 
Subject of EntCftiiinment this Way, butj as an artifrciii 
2 
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BHp to the Memory of the young Mathemacicun j for 
on one Side of the Medal you have engraved, the Repre- 
sentation of the principal fundamental Theorems in Geo- 
ry, in a Variety of plain Surfaces 1 On the other 
fiide the Medal are^ finely engraved, a perfi>ective View 
f the five Platonuy or regular Bmlie&i but as I intend 
cfe only to fhew yaij what may be done in every Way 
here tranfparent Obje6ls can be applied, even without 
tc Afliftance of Cojour?, I fhall conclude, at prefent^ 
With one Scene more, lay {hew how much thefe medal lie 
mprdlions inay be improved and heightened by the Ap- 
lication of Colours. — Obfcrvc the fplcndid Appearance 
on the Wall. 

Euphrof, A gWious Sight, indeed; the King's Arms 
all richly blaxoncd and coloured, as the Laws of Herald 
dry direct. — I am, by this Time, thoroughly fatisfied of 
the deiightful Effcdts of this Liftrunicnt ; and I am im- 
|jatient to know how thefc Imprd!ions are made, as it 
It be the highdt Stxbjtd of Aniufrment for fome gf 
my leifure Time^ 

Cieon, It is a Solution of Ifmg-ghfi in Spirits properly 
prepared, which is not woith your while to attempt : I 
iiavc provided for you a 4 Ouuce Phial of this Subftance, 
which you fee has the Appearance of a fine white Glenv, 
and will fervc you not only for taking med^llic ImprefTions, 
but alfo for many other ufefu! and valuable Purpofcs. 

Euphrsf, You will be fo good as to let mt; iVc youi 
pradical Method of taking oft'ImprcHioni firJf, ajiii ihcn 
I make no Doubt but 1 Oiall be aMc to do it myfelf. 

CUm* In the iirft Place, the Medal i«t fuppofed to be 
cry clean ; then, havin:^ diifolvcd the G!cw by placing 
the Phial at a fmall Diftancc from the F^ire, and placed 
the Medal very level on the Table, 1 pour the Glew on' 
the Surface till it has covered the Whole, and with the 
Point of a Pin carry it nicely round upon the Edges of 
e Medat : I there let it fUnd to dry, or to evaporate 
he humid Part j the Remainder, which wilt be the purt 
ifinglafs, will be fo tranfparent as not to be (Qi*\\ on the 
Face of the Medal, and will, of itfclf, come off without 
giving you any Trouble iii that Refpe^St : And thus they 
sppcar, like thofe which you here fee, of the Colour att4 
^y'ranfparency 0/ Glafs, 
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Eupbrof, But how do you gUil them Vrth Gold 
Silver, in that beauuful Manner of many of tbo^ Spm* 
tnens before me ? 

Ckan* For that Purpofc, I lay a Leaf of Gold or 
ver on the Face of the Medal, and pxcn pour the fl 

Glcw upon it :■ .^Or elfe, you may firft pour oci ikc 

Glew, and then let an expanded Leaf of Go!d or Sibcf 
gently fail upon it, ind thu| the Imprcffian will hg gilt 
on the concave or convex Part : or you may' put th« Leaf 
of GoJd on both Sides, and fo gild it thoroyghty : And 
thus they look like Gf>ld or Silver Medals. -^— And I 
here prefent you with a Frame of fuch Gold lm|irdBo4u, 
of all the Kings and Qyecns of Enghnd rtnce the Cob- 
qucft J together vfcrith the curious Devices on the Revcrfe 
of each particular MedaJ. 

Euphrof 1 am infinitely obliged to you for tbdb 1% 
Jlru<^ion5 : I now can lake what Variety of Imprcffiont 
I pleafe, and thereby enlarge and enrich my M»fmum oi 
Curiofities at P]eafurc.-^But you was mentioning ^sme 
other Ufes th^t were to be made of this Solutions prayt 
what are they ? 

Cliojt, They are of a more fervile and inferior Naturt, 
but ftill the beft of their Kind *, I mean^ that of a geb- 
ttnous Subftancc, or Glew ; for it is appdicable not onff 
where common Glcw is, to caufe a Cohdlon in the 
higheft Degree between Pieces of Wood; but in rooft 
other Subftanccs that are liable to be broke, particularly 
thofe valuable Pieces of Furniture, Glafs and China, 
when broken, will, by this Glcw, be cemented fo fitm\f 
together, that the Juncture of the Pieces will be hardJf 
viJiblc, and the Strength of it aJmofl equal to tliat before 
it was broke. 

Euphrsf Thefe arc important Ufes of the Gl 
indeed ^ but, pray, how h it applied to produce 
ilrongeJl Effed this Way ? 

Cleort, You muft proceed thus : As foon s* the Cldk 
or China is broke, let each Part be placed by th« Filt 
^nd made very hot, as ajfo the Phial of G)ew » dieOi 
with a Camel's- hair Brufb, take a little of the Glew f 
fradlured Surface of each Pari, then c 
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ftH tbey are co!d> and it wiH 4q a^mlrMy well for fiiow, 
md, in many Cafes, far real Ufe, as you will be tho- 
roughly convinced oi by ey^rv £jcperiiiieii;t you try uf 

thisKifld^. 



DIALOGUE XV. 

The Defaipihu asstd Ratknak of the q?tical 
Octant, 40^ Helioliaca, ^optical Ci^ock. 

Euphr^fyne, 

IT feems^ dtffmais^ by [he Apparatus you have pir- 
pared for my Emert»inmcnt at this Timej that you 
ajTc going toquu rhe delightful Subje£l of Optics^ for 
fomething in the mechanical Wsf ; for what elfe can be 
the Meaning of the Qifsdraiit, Ciocki aiid other cncchanU 
cal Preparations 1 here fee i 

Ckfn, The Subject of Optica is not (o ibon exhaujlcd 
as you may irpaginc : This moft delightful of all philofo- 
phical Sciences affords you fuch an ex ten five FkJd, that 
you wil! find, that, as yet, we have little mor^ than 
travcrfcd it half over, and that the remaining Part i^ all 
upon a delightful lifing Grounds The Objei^U of this 
Science arc connei^ted withj and i^epcnd^ in many Re- 
fpe&j on the Principles of many others^ particularly the 



• It ivas thought necefTary here to pive a Reprefcntation of 
the feveral fnilrumcnts that have he^n dcfcribcd in fome of ihe 
lift Dtaloguea, that the Reader might have a more com pleat 
and fatisfa^ory Idea of each of them : therefore. In Plate L, 

Figt L ReprefcDts the portable and prop<inic»nAblc Camera 
Ol/ttiF-ff, defcribed at large in the 1 c th Dialogue of this Part* 
Fagc 2jo» 

Fig. if. h the refrading binopulai' ftl^i^optf dc^nbed It) 
Dialogue 12, Page z-o. 

Fig. If I. T^ the optical Inflramcnt, defcnbed sn Dialogue 13^ 
P, 274, It li here rcprefcntciJ as placed on a Foot, or a Standi 
for more eonvpnicnt Ufe ; but it will do very well wirhom. 

Fig* IV. Is the megalographie Lanthorn, above defcnbed, 

As fhe feveral Parts of iheie Inftr laments have been particu- 
larly defcribed » nothing more need be faid of ihem here, 
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mod ufeful Science of Mechanics^ but I ftiall not ] 
pofe any Thing for your Information that flxall give 
aiiy DitEculty about ynderilanding it, 

Eupkrsf I Ibali never be tired in my Progrcfs througk 
tbefe delightful Scenes : But 1 cannot fay that I cvecM 
cxpc<Slcd to meet with a Quadrant, or n Clock, in n^y^ 
Way among optical Subjcds. 

CUon. Perhaps you might not*, but it docs not follow 
fioin thencej but that Quadrants, Clocks, and mapi 
other curious Inventions, may owe their effential Ffo-| 
pcfLies and Ufes fqkly to the Principles of Optic*^ ani' 
yet never be the Stibje*5t of common Knowledge, or 

hc^rd of by you or the Bulk of Mankind. You will 

wonder, perhaps, if I tell you, that this very Quadrwat 
(or» more properly, Osiani) has always been cttcemcd^ 
by thofe who are judges as the moft ex<|iiifttc and ufcfulS 
nf all the noble Inventions in Optics, which wc owe to 
the great Sir Ifnac Nawtsn : And therefore, as fuch, I 
think it is very neceiFary that a Pcrfon of your ddicate and 
general Taile for Science fhould be made acquaintid 

with it. 1 have often obfervcd to you, that Science 

has no Relation to Sex, and therefore a Lady may as well 
hz taught the Nature and Theory of Hadt£y\ Quadrant, 
as that a Gentlemaii fhould be at the Pains of fludytnj 
the Theory and Mcchanifm of a Spinning-mhiti * , 

Euphnf. Whate\ er is of an optical Nature I am fu 
fill pleale me, and therefore I Dial 1 very readily attcni 

to all you have to fay on that Inftrumeni* i fee it 

furnilhcd with feveral GlafTrs, and therefore muft be 
entitled to this Clafs : — I like wife obferye a Speculum 
and a Telcfcope pertaining to your Clock, and therefcire 
1 confider it as a compound optical Machine, 

dim. They arc both of them flriAly fo, and t 
higheft of the catopirtca! Clafs j for all their Effei^s 
purely by reflcd^ed Light, and the Principle on whicli 
they depend is of Courfe extremely eafy, being only thit, 
VIZ. that ike Afigk of Incidence is iver equal t9 the Anglt 9/ 

RfJlflfiQH. ^7*his Principle you have long fincc been 

taught the IVuth of, by Experiment, and therefore mull^ 



• See this dcmejilc Madilne explained, amon^ oiliefi. 
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at prcfenU b<^ taken for granted j and in this the whole 
Theory of thcfe curious Inftrumcnts confiih 

Euphrof Jf nothmg more than that be required &»a 
prdiminury Qtialiftcation^ I fliail £iid myfdf very capa- 
ble of untierftanding their Rathnalty for chere^ m not an 
O|3€ration of Nature more familiar or eafy of Dcmun^ 
firatton^ than the Principle you have now mentioned ; 
and therefore you may proceed, ai foon as yoii pleafe^ to 
its Application in the Conilrtidlton of thofe Inftrumcnts* 

CUm. Preparatory to that, I have provided a little 
Machine to illuftrate this Mitt^r by Experiment: 3'hu 
coiirift8,33yodob- 
fcrve, of the fol- 
lowing Parfes^ tz/s, 
(i*) A rcilecling 
Speculum or plain 
Glafs,AB*moFe- 
able on a central 
Point C| through 

*^h ich pafles a 
^Jre, H E i and 
therefore at right c 
Angles to the O 
Plane of the Spe- 
culupi, (2.) The 
Wire H C iscon- 
nt^led with an 
Arm H \y move- 
able about a Ccn* 
-J^r I, fo that, by 
f|hc Motion of the 
trm 1 H, the 
ire H E, and 
^onfcquently the Glafs A B, x% moveable at Plcaftire, 
3i) Go the Center I» with the Radius I C, you ob- 
>rve a Circle CHKl is defcribcd ; and {4.) on the 
'enter C| with the fame Radius, is dcfcribed (he Circle 
KM I. (5.) You farther obferve, that the pia meters 
P M and L H are perpendicular to ihe Diameters F I and 
C K, (6.) In the Diameter D M, produced towards D, 
I place a luminous Objed, trz. tjie Flame of a Candlp, 
that :hc Rays which come from it, and f;UI upon the 
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hik AB, will be rell:eted fmm chenet fti the Difc<^ioa 

F, making the Angle of Incidence D C Ef tqttaJ to 
the AngJc of ReBe^ion £ C F. •» In all this, 1 prefiuEie, 
you undeHland me, Euphr^fynt^ 

£uphr§J* With the litmoft Eafc, I can afltirt y©ii. If 
thete be tiothing more diJicuk diaji this, yiMt inay fm^- 
ccod fuccefs fd)y« 

CUm* The n«irt Thing you am t© take NoiiGe of is^ 
that if the moveable Arm I H be placed at right Angles 
'*f^ C Kt then wilt the Wire CH divide the QutdlUI 
M I iato two equa] Parts in the Point N, and, confer 
<|uentlyt the Perpendicular C E will bi[e<^ the oppofiic 
^art of the Circle D F jn the Point E 3 in which Calb 
^'the Angles of Incidence and Refie£lion, DCE and 
£ C F, will be each equal to 45 Degreci. - TbU, 

likcwife. I fuppofc, you very readily underftand. 

£uphr&f Yes| furely^ or I muk be very dull tadeol, 
Piay, proceed, 

Ciei^n. Another Thtng that you muH take paitfoibr 
Notice of is this, that while the Arm I H defcribe»1^ 
Quadi ant H K» or 90 Degrees, the Wire E H wiOde- 
fcribe only half a Quadrant, ziz. N I on one Fii^^^H 
£ F on the other ; and that therefore the angulif^^H 
tion of the Wire E H is but h&If fi much as that of tHc 

Arm I H. You moreover obfcrrc, thac fmce the 

Glaft A B moves equally with the Wire E C, rte wigii- 
lar Motion will be alfo the fame, and juA half that of 

the Arm I H, In tbis* likewife, I hope yon will 

fee no Difficulty, 

Euphrof Not in the ltai(» as I wiffa nothui|r to 
more obvioui. 

CUm> By the Mechanifm of thi* Inftrumeftt, 
the Center C there is a moveable Arm C O* 
the radiant Obje£t^ fixed upon it at O; and this Aiv' 
C O has the lame Motion with the Arm I H, that 1% 
when I turn the Winch you fee the Arm I H move fttm 
H to K in the fame Time that the Arm C O moires 6«n 
P to F, and that the Glafs and its Wire E H 
through half a Quadrant in the fame Timc. 

Euphrsf Atl this I obfcr\'e with PleafurCs and 
I. ftand with Eafe. What follows next I 





AND LADY'S PHILOSOPHY. 



*W 



C/rtff* I turn the Winch backward, and bring the 
Anns I H and C O to their former Situation, pcrpejidicu- 
lar to F K » and yew are then t# take Notice^ that a R;v/ 
of Light comtng from the Catidte at 0» and from the 
Glaft rdleded to G, will chere Ihcvr the Image of the 
Candk in another Looking- glafs Piis placed perpendi- 
Ctihr to the Right'lim FK* Now the grtat Point to 
be eonfidercd is* how, of m what Manner, the reflecTred 
Beam of Light C G is to be rendered permanentj or 
immoveable* while the Objc<a at O \$ moveable upoa 
the Arm C O, over the Arch D F ^ for if. that can be 
dojie^ the Candle in the Glafs at G lyill, all that Time, 
remain quiefcentj or be feen in the fame Place | now 
this is eftedled by the Mechanifm of this Inftrument : be* 
caufe the Glafs A B^ and its Perpendicular E C, have 
bu| half the angular Motion of the Arm C O : And thus 
it hr^ppenB^ that while £ C moves over any Space towards 
F, the Angle EC F will be diminiflied by that Space:^ 
^nd the Angle ECPbejuft fo lymch incrcafed, and, 
cofifcquently^ that the Angle EGF may be always 
equal to the Angle E C D» the Arm C O muft move ju ft 
twice as fAik as the Perpendicular C£i or the Wire C H» 
and then will the refle^led Ray of Light always continue 
in the fame Pofrtion, or Ihew the Image at reft in the 
Glafs PQ,, while the Ohje6t or Capdle is ^ny where 

AtuaM on the Arch D F* For Example: If the 

perpendicular moves from its Situation at 45 D^grcGt £ 
$0 50**, then will the Angle ECF be only 40 Degrees, 
^d the Angle E CD 50^ which is 10 Degrees more than 
the other; Therefore^ if while the Point E dclcribes 5 
Degrees towards F, the Arm C O paOei over 10 Degree*^ 
lit will dl the while keep the Angles of Incidence and 
.efle£tion eqtiai ; and therefore the rcfleded Ray C G 
\ff\\l be invariable, and fhew the Image without any Mot 

^on in the Glafs PQ^— The Truth of this you 

ifkbferve by Experiaiem, while i continue the Machit^ 
in Motion. 

Euphrof It IS very true ; I fee the Candle confently 
fnoving over the Arch D F* while its Image appears per- 
JFe^ly at reft in the Glafs P Q_; A very curious Effeif^ 
indeed^ and fuch aa I could not have thought produceaW^ 
from fo cafy ^ Principle, 




THE YOUNG GENTLEMAN 



Cie9m, The iwxt Tiling you arc to oblenx b, 
die K^Y C G i^^ by thti Means, fixed, it will 

fo if refined into any oiIict Pofttlon ; As, fu( 

GTpiralld toOM, W moving the Glaf^ P 

m its Crnttr G, into the Pofition R S, whicti is pi 

fifcly parallel to tluc of the Glai$ A B, and then an £i 

laced It T, will fee the Image of the Candle in 

Clals RS at reft, as before, while the Candle movi 

liOifcr the Qtiadnnt of a Circk ffom D to F- 1 tuJ 

le Gbfs P QL '"^^ ^^^ Pofittofi R S, and vou foe, 
lacperiment^ its Image continues immoveabJe tn the Im 
^zontal Line T V. 

Ekfkr^f All ihh 1* ver\' evident, by Inffwrdion.< 

1 fuppofe I fliaJl fee the Ufe of it exemplified tii tJitCoi 

tnidion of thefe Machines. 

Ciisn. You will, in many ufeful Infttnccs i . Bl 

»%oti are yet farther to obfcrve that, for the (aftic ReiJe 

[4he refleded Ray is fixed, when the incident Ray 

fnoveable. So, on the contrary, when the incidtnt R; 

ia fixed, the rcEe^ed Ray will be moveable ; for, if II 

lay OC be fuppofed to continue the fame, while tj 

[Gtafs A B and its Perpendicular A C be moved about tl 

Center C^ the Angle of Incidence ECD will be 

^antly altering, and ftncc the Angle EOF muft 

dwap equal to it, therefore the refle£ted Ray C G «l* 

conflantly in Motion with a Velocity twice as ^reat 

lat of the Perpendicular EC, or the Index CH, f<] 

\t Reafons before- mentioned. Therefore the Ini 

Will, in this Cafe, appear to be moveable, and whii 

you fee in every common Looking-glafs, which, if y< 

iTiove them one Way or other, will alwayi Ihew 4 Motic 

in the Images of Obje^s by Reflexion* 

£uphnf 1 never fit down to the Toilet wittioi 
^ing obliged to obfcrve this Phenomenon ; but I ncv< 
tdvcrted to the Celerity of the Motion in thofc Ima 
or knew that it was twice as great ss that of the Q] 
itfelf, which, by what you have now faid| I clearly af 
prehend it to be. 

CUm. In the laft Place you Writ obfervc, that 
both the Glades are cqudly moved together, the Pcr^j 
pcndicular* to each Glafs^ as EC, G C, will conflantl] 
ffukc the faiDc Angle with «ach other | mi} 
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alfo, the Angle of rhcldence being e\xr equal to the 
AngJe of Rcfleftiofi, it will follovkr, that the incident 
K«y O C, and ihe f'ccond refleiS^ed Raj G T, will ever 
be paraflcl to each other; and, confequently, the Image 
at V always appearing in the Line TV, parafJel to 
OC, mufl iK^cefTaniy be quiefcent, or rrotionlcfs all 
thf Time the two GlalTes arc* in Motkm : Atid this yon 

will fee by the Experiment,- —For ohfefvc, I move 

both theGlaiTes in tht Inilryment round the Center C> 
without altering their FWutons to each other^ and the 
Image of the ObjCi5l at reft in O will appear to b^ at 
reft in the GbfsPQ^, to your Eye placed at K.*-Agairr, 
1 turn the Glafs P Q^ into the Pofition R S, parallel to 
A B, and then movjjig them both cqu^slfy about the Cen- 
ter C, you will obferve rhc Image^ by the refleded Ray 
GT, at rell, in the fame Manner as before. 

Euphr^f. Your Inflrumenc is^ery prettify adapted to 
fhew thele curioiH Particulars very naturally : But how* 
is all this applicable to the Sea Qu;idrant, which, it fecmr,' 
I mull underftand before I caji pretend to be an expert' 
female Navij^ator } 

Clion, When the Reafon of a Thing is undcrflood* 
the Praflitje can never be difficult : ■' - This Qimdranti 
you fee, which I take in my Hand, has the fame tWCf 
Glailes with thofc in this little Machine, the largcft of 
which anfwers to the Glafs A B, and is fixed upon an 
Index analogous to C H in the Machine ; the other Glsfs^ 
on the Side of the Quadrant, is to be confidered as fijted 
while the Quadrant is Jii ufe, and aniwers to the GUfs 
RS: — ——Therefore, the Ufc of this Quadrant beirfg 
to take the Height of the Sun at Sea, ina Shipcontirually 
in Motion (which would render the common Methods at 
Land impradiicable there) this End is extremely T.*c1f 
aivfwered by the peculiar Property of this 0€tant ; for, if 
I hold it up towards the Stjn, ihc Kfkj^ refieirted from the 
Index Glafs to the other, will, upon moving the Index, 
fliew a Motion of the Snn's Image in that other Glafs t 
And^ as one half only h filtered, the fnlar Image will Iti 
that be fetn ; and, in the unfilvrred Part, the Horizon, 
or Edge of the Sea, will • appear : And confequcr.tly, 
while you move the Index forward on the Limb of tn<? 
Quadrant J you wUl obferve the Image of the Sun to 

defcend 
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defccnd in the Glafs, tilt ac Length it touches, with its* 
JqwcII Limb, the horizontal Edge of the Soi - Aiid whei 
I have got it there it will appear at leli, notwtthlhmdint 
the Quadrant^ or GlafTes arc moveabk hf the Mocioi 
of the Ship : The Navigator* therefore^ has it in hi 
Power to make this Contact as nicely as he pletfei ^ ani 
froin what I fljewed you before, the angular Motion 
the Image of the Sun js twice as great as that of th( 
Index of the Quadrant : And therefore I need only obfcj 
that that Angle is expneHed in the proper Degrees 
the Liftiby by reckoning every half Degree a whole one 
for you obferve, the Limb of the Quadrant is dirjd< 
into 90 Degrees* whereas it is in Reality but 45^ oc 
8th Part of a Circle (for which Reafon it is properW 
OH&nty and not a ^^drmt t) And thus the Ardi of^ ih«| 
Sun*s Altitude is, at any Time, very eafily taken on 
lini^eady Bafis of a Ship. 

Euplw^f I make no doubt but you can exemplify 
Ufe of this Inftmtncnt by Moon-light, as well as tb2 
of the Sun: If fo, there is now as delighlful a cii 
Moon as you could wifli* 

Cinn^ There is fo : And I fhall commanid the Qu 
of Night to defcend, in Complaifance to you^ from 
lofty a:thcrial Seat, and be perched upon the Top 
yonder Chimney, without any Power to move: or» 
be fcrious^ I will inftantly meafure her Height above thi 
Chimney, which flie fccms to be perpendicular over,- 
Here, take the Quadrant, and hold it juft in thePolitt< 
as you fee me do, and, looking through the finall Hoi 
in the Sight* Vane, you will perceive the Moon dcprdTe 
fo the Edge of the Chimney \ and niovmg the Quadi 
any how, you will obierve the Image of the Moon to 
a& tmmoveabldas the Chimney itfelfT 

Euphrpf. I do, indeed j and fo curious a Sight 
never before beheld ; For, notwithftanding I move 
Quadrant, or GtaiTes, the Moon appears as abfolute] 
fieady as if nailed on to the Top of the Chimneyj 

Now let me fee the Number of Degrees on 

Limb, the p^ermtr cuts 27 <^ 30'; that, Tprefumc, 

tvhat you call the Hcfght of th? Moon above the Top 
the Ciiinney ? 
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CU^n, It is : And after the famt Maimer you wiU tinU , 
the Degrees contained in an Arch of the Heavens between 
the iMoon fuid any particular Star, which 1^ called the 
DiilaDce of the Moi>u from the Star. Thus you obfervc 
yonder bright Star, called Rggului^ or the Lion*s Heart % 
the Di fiance of that Star from the Moon I eafily find* 
by ptittlng the Quadrant int*» a proper Pofition for bring* 
ing the Refledion of the Star upon thequickfilvercd Part 
«»f the fatal! Glafb^ and then £ move the Index Uli I ' 
bring the [mage of the Star to touch the Limb of the, 
Mooji next to it, and then y£>u wtti obferve the curiouA- 
Appearance they make both together ;■ -■ Hcre^ take 
the Q^adrant^ and put it into the fame Poiition for )0<ii 
ijwn Kyc* 

Euphr^f This I will do as foon as I can:^ — I find it 

requires a iittle Pra^SUce to be rcudy at this Matter : L 

have juil now brought tt to bear, and fee the Star ntcely 
touch the Limb of the Moon next to It* — This is a very 
pretty Phanomenon, indeed, 

ClfGn. On the LiUib^ you obferVe^ the Index hm 
lOved over 23 Divtfions, which 15 thcrcfjrc the Number 
of Degrees contained in the Arch of a grtat Cj^cie, 
between the Moun and tht Star- And to meafure thii 
Diftance of a Star or the Sun from the Moon, li a prin- 
cipal^ and moft ufeful Problem in Navigation, and was 
the original grand I}^£%^n of this Invention, by Sir ifahc 

Euphref. You have thoroughly ccmvmced me of the 
iportant Ufes of this valuable optical fn^rument :-^^ 
lut I imagine, fince you can fe readHy meafure the Arch 
fof Diftancc between any two Objedlj, it muft be of Ui« 
many Cafet on Land, as wnJI as at Sea : Is it nor, 

CUcn. You may think it utry ftrtng^, that a Perfnn 
lould be able, by any ItillrutTicftt whatever, to take tht 
'Height of the Sun^ or t\ny other Obji~6l, in a Shi^ rolling 
L»n the Waves of the Sea, tnm^ ccrtninly, tbnn on thi 
firmeft footing by Land : But yoy will foon recollc^tt 
that at Sea there isfometimcs a dear and evident Ho£^17j«n\ 
from which wc can meafure the Height of the Sun, 
Moon, or Star; but, on Lanti, fuch an Horizon it 
^wanting, lad therefore tiu& cj&collcnt Initrument is but 

of 
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Ikth uie in the common Conilnidlton : But it »s ja 

ipable of an ariificwl Hwi^m bcin^ adapted to it, am 

[thereby the Altitude of the Sun m.iy be obfervtdg eoT 

^only by Land, but iikewife at Sea in foggy Weather* 

'hen the Sun, but no Horizon, can be icc« : By ditt 

[Means alfo^ it may be rendered of very great Ulc m 5«fw 

miying^ and in all Cafes where a Thesd^liU^ €^ram* 

If^rrmerf at common J^iadrants are applicable. 

This new Conftrudtion of a Quadrant I ftiAll ttke 
fame other Opportunity of giving you a farther Iniighe 
ifito^ having fa id, at pre fen t, as much sis I thought 
neceifary, to give you a general Idea of this noble fnveiH 
tion, as it pertains to the Clafs of apiUiiJ In^rtMtmtu* 



DIALOGUE XVL 

The Defcripiim and life ef ih Helio&tat 
ihe folftitial and planetaiy Clock, ma m 
Jiruiltont for fixing ihe Sun, Moon, and Pl, 
IJETS in aftrononiJcai Observations, 



Clemkus, 

I Have refer ved this Opportunity as the moft cotiri 
for inftruiSting you in the Knowledge nf the 
and Ufe of an Inftrument, whofc Theory ia the 
fubiime oC ail in Philofophy. This grand Invt 
like all others j has arrived at its prefent Perfection 
it ve r al G rad at i on s , Its lirft Pri nciplc i s fo u nded J n Opiicfi 
find its general Nature is derived from optica], mcebim' 
calj and aftronomical Principles ^ and this you will etfily 
conceive when I tell you, that it is a Clock of fucfa i 
pecuHar Naturr, as to fix the Rays of Light from mf 
radiant Object, and thereby to render the Son Hcmim of 
Ute in the Cttmira Ohftura more perfedly fhaa loy 

Inflrumeiit 



• It «r;i£ not judged neCeflary to exhibit, m a Plate* 
ThjRg relating to the Strufture or \}(€^ of the QuQdniiit« 
that \% fully dojie in a fmail Treatife, which is give^ with 
inilrumcDt of tbb Kind that is fold* 
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Inftrument has hitherto done; and alfb, what Is (Itll of 
much grearcr Confequence, the Aftronomcr can hereby 
detain the Sun, Moon, or Planet, in his Telefcopc,- in 
a quiefccnt State j by which Means they become the 
proper Subjedls of his Obfervatton, and that for any 
Time propofed. This hath been hitherto the Df/tdtraium 
of Aftronomy ; for as often as the Aftranomcr has beeit 
intent upon determining the Kclipfcs of the Sun and 
Moon, upon delineating their Mmults^ or Spots, or 
meafuring their apparent Diameters with a Micrometer, 
fo often he could wifli to fay, ^un^ Jiaml ihm Jltll-^ and 
thdu^ MQnn^ prHtid n& farthgr h th^ Path: Since the 
conftant Motion of thole Luminaries, in the Tclcfcopcs, 
does every Moment elude hisutmoll Efforts to accompHfti 
the abovementioncd Defigns. 

Eupbref* Well, and arc thofe great Points effefled rtow 
by this new Clockj which I here obferve in fo elegant a 
Conftru<^ion ? 

CiemM They arc, in a Degree fuperior to any Thmg^ 
that could be expc£led in fo compiicated a Machine, and 
fully fufBcien: to anfwer all the Intentions of the molt 
accurate Aftronomer, - ■ ■ It may feem very ftrange^ 
that though it be wholly impoflible to ftop the Sun tn its 
Courfe, yet that It ihould be fo t'A(y to fix, as it were, 
his Rays J and thereby render him apparendy motionlef^ : 
But nothing has been fo arduous and paradoxical, which 
Philofophers have not, at one Time or other, endea- 
voured to ef!e£frj and often have found, to their great 
SatisfatSHon and to the Perfe<5tion of the Sciences, that 
they arc fjrlefs fo In Fa£^ than In Appearance. — Thefirft 
Step tovt'ards the Difcovery of this ujiiverfal, optical, 
and aftronomical Clock, was the Invention of Sir IJnac 
I^tivUfi^ in regard to fixing the Image of the Sun, by 
two Refleilions from two Speculums in Hadlif^ Qua- 
drant, as I explained to you in the laft Convcffaiion : 
and fincc it appeared, from the Experiment in the fmaJl 
Machine you then faw, that the Beam of Light from a 
moveahlc Obje^St was rendered Arable by one KcBe^ion, 
and of Confcqucnce the Image was thereby rendered" 
quiefccnt^ or at rcil, by a Refieftion of thit fixed Ray» 
it was eafy to conclude, that if Rays, thus fixed by S* 
firft Reflection,' could be throv/n unon the ObtedVgUfl' 

Vol. II. X "^ of 
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of a Telefcope, by Refledlion from a fecond Speculum^ 
then might the Image of the Obje£l be made to appear 
at Reft through fuch a Tclefcope, and this was foon 
found to be pra&icable, by Experiment : But then they 
found a conftant manual Operation was neceflary, to 
keep the flrfl Speculum moving, fo as always to keep 
the reflctSled Rays in one and the fame Pofition in the 

Telefcopc.- Thus far went the illuftrious Inventor 

bimfelf here in England^ and the celebrated Farrenbeit 
and Boffaty abroad. 

Eupbrof, This feems to be a large Step uken at once; 
but, pray, what was the next Enterprife, to render this 
Machine more perfect ? 

Clean, The next Improvement was an Addition of 
Clock-work y by the late learned S' Gravefande^ who, 
in a moft fuperb Manner, conibuded one of thefe 
Machints, by which the folar Beams, reflected from a 
fmgle Speci'Ium, were rendered permanent, and con** 
fequently fit for all Experiments of the Camera Ohfcwra^ 
and all the Purpofcs of telefcopic and alironomical Ob* 
fervation. 

EupJjrof. No doubt but fuch an Atchievenient in the 
Sciences was received with great Eagerncfs and Applaufe ; 
I fuppofe, thofe who had Occafion for trying Experiments 
on Prifms, the folar Microfcope, £5*c. took the firft Op- 
portunity of availing themfclves of this Invention, and 
that no public or private Obfervatory would be without 
fuch a telefcopic Clcck. 

Cleon, Alas ! my Euphrofyney it is much to be wifhed, 
the Kate of the Sciences were not fo much like that of 
Virtue itfelf, viz. to Umgiitjh under vniverjal Applaufe l 
For nntwithftanding the Philofopher had, by this Means, 
rendered the Sun obedient to all their Wi'lls, and fixed 
him for their View for every Kind of Obfervation, yet 
have I never heard of a Purchafer of one of ihofe noble 
Machines, nor have I coiiverleJ with any Gentlemen 
who had ever fo much as fcen them. I thought it would 
rtfledl great Diihonour for fuch an Invention not to 
hz found in any Englifn Author, and therefore procured 
a Goppcr-platc of it to be engraved and publilhed, to 
gratify fuch Englljh Artifts who might be willing to 
enquire into it^ Nature and Ufcs ^ and this, as far as I 

can 
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learti, b the only Appearance it has ever made in 

Euphrof But I fee you have now prcicceded farther, 
%n^ conftruifled fuch a Clock in Reality,' Piayj is ihll 

the fame as you mentioned before, of S* Grav^and^^ or 
is it with any additional Improvement fuicc ? ■ 

Ciegn, It has received fcvera! Additions from the ce- 
lebrated Phtlofophcrand Mechanic C. G. KRAT^EKiTEm 
at Pctirjhurg^ who has rendered its Contirui^lion more 
tiniverfalj by adapting it to the Motion of the Pjrinctjs, 
as well as that of tht: Stm^ to which S' Gntvffandf was 
confined, together with fome other Altcrat Jons and Im- 
provenients, which render the Ufe of ft more fimple and 
caf/ : But even the Accounts which this Gt-ntleman has 
given of the Mrichincj in the Commentaries of the ;m~ 
peritd Academy cf Sdenuj^ is foch as left fufficicnt Room 
for many Alterations to be made even in his new Con- 
ftrucHon. Thefe 1 have attcmfteJ in the bcft Manner I 
could think of, and which make? the Appearance of the 
Ci6ck as here exhibited to your View ; and I can 
think of nothing more that can be altered, or added to it, 
to render it more fit for ufe, 

Euphref. As this Machine promifcs fo much Eafe, 
with Exuitnefs, in aflronomical Obftrvations, I fuppofc 
thofe Machines that have been heretofore ufed for ftich 
Purpofes will now he laid vS\dt\ unlefs the Expence 
Ibould be any Objeilion to this new Improvement, 

Cltm. I'he Ex pence is fo far from being an Objection 
againft it, that it is a very great CirCMtnflance in its 
Favour J it is defigned to fucceed what is ufually called 
the tqtmUriaiTfkfivpi^ which, by a large and complicated 
Sylicm of Wheel -work, puts it in pur Power to find out 
the heavenly Bodies ver}' readily, and to continue them 
in the Field of the 'relclcope, ty a conftant Application 
of the Hand to the feveral Screwv ; by this Means, the 
Aftronomer can rr^ake a fhift to keep the Planet in View, 
but not to fix it there, whith was tiie great Point wanting, 
and effected only by this new aJhoriomical Clock : And 

X 2 yet. 



• The Plate here referred tf» is to be fctn in the Piihjl^Ua 
BrUauukaf at the EiU of the Lcduic on Opucs* 
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yet, after all, the cquatori^ Telefcopc will coft more 
than double the Price of this Machine. 

Euphrof, If the Advantages of this be fo mucb greater, 
and the Expence fo confiderably lefs, I fhould think there 
can be no Quellion made of its being readily received, 

and greatly encouraged here. 1 fuppofe, by what you 

fay, that v^hich I here fee is the firfl that has been made 
in England? 

CUon, It is ; and an Jutomaton of this Kind is a 
new Phaenomenon in the King of Great-Britain*^ Do- 
minions. The Ingenuity of Clock-makers has hitherto 
principally appeared in (hewing, befides the Hour of the 
Day, the Age and Phafes of the Moon, the Day of the 
Month, the Equation of Time, and fome other Paiti- 
culars of that Sort, which were judged to be ufeful or 
jiecefTary in domeftic 'AfFairs: But, in regard to the 
Sciences, very little has hitherto been efFeded by Clock- 
work, the great Point endeavoured by the principal Me- 
chanics in this Way xs Tin equable Motion^ which isalmoft 
as impofUble in its own Nature as a perpetual Mptitn^ 
both on Account of the Nature of the Materials of which 
fuch Machinery muft confift, and alfo from the Princi- 
ples of Mechanifm themfclves. However, great Sums of 
Money have been expended for improving Machines only 
to approximate thereto, it would be incredible were I to 
mention the exorbitant Sums that have been paid for 
Clocks and Pendulums on this Account; and yet, after 
all, we find no fuch Thing as an equable Motion in any 
tolerable Degree J. Thofe Pieces called Regulators, as 
the Machinery is the moft fimple, fo their Motions are 
moft equable ; but even thofe very Automata themfclves 
require to be regulated by fydcreal Obfervations, and 
every Clock hitherto propofed is confined to the mean filar 
Time: But the Clock we are now to difcourfc of is of 
an univerfal Nature, and (hews, as well the Lunar and 
Planetary Days as that of the Sun, by the Contrivance 
of a Pendulum proper for fuch a Defign. 

X N, B, I have lately conftrulled a Table-Clock, with a 
half-fecond Pendulum, of an invariable Length, ^ing 8 Days» 
of which (ec a further Account in a Treacife^ ^iven with tht 
Clock, 
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I Buphrof. I have not a clear Idea of what you mean 

H|Jby a Lunar, or planetary Day : Pray, Cltsntcus^ explain 
Btbat Matter to mc, that I may ymJerftajiii the Ufc of 
^^otir Machine in its full Extent.^ 

Ck^n, That I will do, as fuch a Phrafcolo^y is not 
as yet very CDnimon ; and, for this Purpofe, I fljall dif- 
tinguifli Days into four Kinds, (1.) A fidereai Day is 
that Space of Time which is taken up in one compleat 
Revolution of the Eatth upon its Axis, or, in other 

» Words, the Time that pafTes from the Mo;ieiit in which 
^ny particular Star is on the Meridian, to the Moment 
it returns to that Meridian again* {%.) h filar Da^ is 
the Time that paflcs from the Sun's leaving the Meridian, 
to its Return ihither again : This Day we ufually divide 

kin 24 Hours. (3.) The Am^r Diiy is the Time which 
intervenes between the Moun's Departure from the Mcri- 
4ian5 and her AppuUe to it again. (4,) A piamiary Daj 
is the Time which the Planets fcveraJly take in departing 

frnm, and returning to the fame Meridian. — Tliefe 

fcveral Sorts of Days are of a very different Length from 
each other, and the three h[\ conftantly variable among 
themfclves; cfpccially thofe of the Moon and Planets; 
And as the Defign of this Cloi'k is 10 flop the apparent 
Morion of thcfe Luminaries, it is neceffary ihe Index of 
the Clock (hould be adapted to a Motion analogous to 
thofc of the heavenly Bodies the:mfelves, which is effeiHcd 
by a Pendulum of a different Structure from any ihat 
has yrt been made, as none of the common Sort would 
commodtoufly anlwer this End, 

Euphrsf* Then, if [ ap rchend you ri ht, when you 

urpofe to obfLTve the Sun, you adapt the Pcndiikmi 

or moving the Index in fucli a Manner as lo fljcw 

fiiiir Timi^ or the 24 Hours of the common Day. — * — 

But how do you proceed with regard to the A4sQn and 

Hmtets f 

Citm, As the lunar Days are almoft an Hour longer 

;han the folar ^Ay, the Pendulum muft be made to 

vibrate ilower, fo that the Index, or Hand of the Clock 

tnav be made to go (-ncc round in about 25, in {lead of 

24. Hoursj for the longer the Time is of ihe diurnal 

Revcdation^ the flower the Pendulum muit move of 

ouftej that the H.in*l of the Clock may (^orrefpond to 

X 3 ?hc 



310 THE YOUNG GENTLEMAN 

the Motion of the Planet. Thus, for Inftance, the 
longeft lunar Day is almoft exa6tlv25 Hours, and there- 
fore, if I make the Vibration ot the Pendulum flower, 
in the Proportion of 25 to 24, the Index of the Clock 
will keep Time with the Moon for that Day, in fuch 
Manner, that were you to obferve the Moon through the 
Telefcope, by the Rays of Light relieved into it from 
the Speculum of the Clock, £be would appear fixed, 
or immoveable in the Field of View, and you would have 
the utmofl Pleafure of viewing her variegated Face without 
any Interruption from her Motion ; of which fignal 
Curiofity, I fhall give you a remarkable Inftance, by- 
and-by, by Way of Experiment, after we have refreihed 

ourfelves at the Tea-table. But as for the Planets, 

their Motions are, fome flower, and others quicker than 
that of the Sun ; their Days will therefore be, in Pro- 
portion, fhorter or longer than the foiar Day, Thus, fbr 
Example, fuppofe Saturn upon the Meridian, together 
with the Sun, this Day at Noon, then, as the Afotion 
of Saturn is flower than that of the Earth, in its Orbit, 
or Sun in the Heavens, the Earth, in ^evolving upon 
its Axis, will fooner bring the fame Meridian to Satumy 
than to the Sun ; and, therefore, when I fhew you that 
Planet through the Telefcope of the Machine, in order 
that he may remain quiefcent in the View, it will be 
necefiary for me to accelerate the Motion of the Pendu- 
lum in Proportion, as the Saturnian Day is fhorter than 
that of the Solar One. On the other Hand, if it be pro- 
pofed to view the Planet Mercwy^ as his diurnal Motion 
in his Orbit exceeds that of the Sun, then, if I retard 
the Motion of the Pendulum in fuch Proportion as the 
mercurial Day exceeds the Length of \,\\c folar Day^ will 
you have a View of this Planet fixed, or permanent as 
if really motionlefs in the Heavens. And this Procecdurc 
is the fame with regard to any of the other Planets \ 
and this is called, rehify'ing the Machine for planetary Ob^ 
frvations, 

Euphrof, I fuppofe it will alfo require to be rectified 
for the Latitude of the Place, fince I perceive your Clock 
is not in a perpendicular Pofition, like other Clocks j 
but inclined to the Horiawn in a certain Angle. 
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Clfoth It is true ; the Face or Plane of the CJocIc 
lyft ever be parallel lo that of the Etjuator, and therc- 
tfore incJinetJ, in the fame Angle, to the Horizmi ^ and 
confequently the Clock muft be retftified to the LutifuJc 
df the Place where it is ufed j on which Account, the 
Fulcimcnt, or Supparter at the End of the Hour- Judex, 
ivhich carries and dirc^s the Index of the Speculum, rnuft 
a)fo be longer, or Ihorter, in Proportion, as the Latitude 
is greater or lefs ; for^ otherwife, if this be rot fcrupu* 
loully ob ferv^ed, the Luminary will not appear fixed In 
the Telefcopc. 

Eupfjfof. I farther imagine, by another Part of your 
Apparatus for the Speculum, that that alfo muft be re^ti- 
iied, or adjufted to the Sun's Declination at different Times 
of the Ye jr. 

Chan, In this you alfo conjeflure right j for, accord- 
ing to the different Declination of the Sun, Norrh or 
South of the Equator, fo the Speculum mufl confequently 
have its Height above, and DiHance from the CJock 
properly altered : To which End, you obferve, a dt^c 
Provifion is madeby Shding-Kirs, which are adjuflcd, by 
Screws, to a greitt Exa^tn- fs in e*ch of thefe Rcfptds ; 
and btciiufe the Declination of ihe Moon and Pbnets, 
from the Equiitor, never cKcccd 30^ o*, it was not 
neccfTary to provide for viewing nny Objcifh beyond that. 

Euphrsf, Do you not llkewifc ftud it ncced^try toadjuft 
the Machine, in regard to the Meridian and Horizon? 

CUsn. Yes : Thd'e are alfo A f tides to be nicely 
obfcrved ; and in order thereto, you take Notice of ^ 
curious mdgmucd Needle and Compaq phced in a 
proper Part of the Machine, by which ft is placed due 

hrth and South: — Ahd then, with regard to his 

'horizontal Pofition, vou fee there are two Spirlt-levcb 
[placed at Right-angles to each other, by Means of 
{ivhich, and four adjufting Screws, the Machine in all 
[its Parts is truly placed in a horizontal Po fit ion* Thv*fc 
Things arc all of them eafy to be performed for any givcji 
Time, as is evident by Infpectton. 

Eupbrsf But, a A the Speculum has its Height con- 
ftantly varying above the Bafe of the Machine, tt feems 
liecelfary that the Tdefcspe (hould always keep Pace 
^ith itj or be elevated, or depreffed, cxadjy in the 

X 4 famf 
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fame Degree : To which Purpofc, 1 fee the fame Con- 
trivajice .ipplied by Sliding- Plates and adjufting-ScTcw*, 

for fixing it in the required Pofvtion.' If there be any 

farther Particulars rcLiiing to its Reftitication, you will 
he kind enough to mention thetn^ as I am impatient to 
fee the EflFedts of fo cxquifite and uncommon a Machine. 

CliM. Nothing re mams now but to rectify the Ma- 
chine^ and ihew you the Ufc of it, which^ at prcfeor, 
inufl be confined to the Sun : We have juft now bdf ift 

Hour for th.it Purpofe. To this End^ it will be <«lly 

necefl*ary to put to the Window -(butters, and let i Bcaai 
of the Light come through a Hole, made in oneoffhena 
of a fufticjeiu Width, that it may, for fomc Time tpgc* 
ther, faJl upon therefiedling Speculum.^ — This yew fee is 
done, and the Sun- beam h reflcaed in a Pofition panlkl 
to the Floor, and f^IU on the Side of the Room» whidt 
refiecled Beam you will obferve continues immovcahlC| 
or always regains the fame Pofition or Diredion, 

Eupbrof To prove this^ I mufl make a Mark wtth 
my Pencil in the Side of the tuminoefs Spot, and ^en 

I can eafily obferve if tt moves or not, A fulEdeiiC 

Time has pa fled to have obfervcd the Motion, if there 
was any : ■ By this Time 1 am fully convinced that 
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Focus, and in this converging State, WtlforC^ Microfcope 
might eafily be applied, on a proper Foot or §tand, and 
all Experiments thereby performed with the utmofi: 
Eafe. 

Euphref, This I plainly perceive; and marfy Qt|jer 
Ufes I make no Doubt but fuch a permanent Beam of 
Light, in its various Forms of parallel, diverging, and 
converging Rays, may be made to anfwer, by thofe who 

are curious in this Science. But I want to have a 

View of the Sun through the Telefcope, which I obferve 
you have taken off from the Machine, 

CUon, I will replace it, and adjufl it, that you may 
fay, for once, you have feepthe Sun without Motion,—. 
There, look through it, 

Euphrqf. I behold the glorious Orb, which nearly fills 
the Field of View : — And there I fee it remains without 

the leaft Tendency to Motion ; With how much 

Pleafure, now, I view the Spots on the feveral Parts of 

his Di(k, and their relative Pofitions : 1 have now an 

undifturbed View of every Part of that wonderous Body, 

which I never beheld in any fuch Perfe<5iion before : 

It gives me great Pleafure and Delight, to fee the Sun 
Jland ftill by fuch a plain and fimple Contrivance of Art : 

One would wonder, that a Thing fo very curious 

in its Nature, and yet fo very plain and eafy in itfelf, 
Ihould not long ere now have been found out. 

CUon, There feems to be, for the continual Entertain- 
ment of Mankind, a gradual Difcovery both in the Works 
of Nature and Art. It is not confident with the Notions 
we ought to form of a wife Providence, that it fhould at 
once open all the Scenes of Knowledge to the Views of 
Mankind : This would rather confound and perplex, 
than inftru«5l and amufe them ; and u appears, by Expe- 
rience, that every Age, before it can be thoroughly 
iiiftrudled in the Dodlrines of former Times, has a great 
Variety of Novelty to excite and exercife the Ingenuity 

of Men. But to return : You have feen the Sun 

itfelf quiefcent through the Telefcope; you will, in the 
next Place, be no lefs pleafed to fee the Image of this 
great Luminary trjnfmitted through jhe Telefcope on 
the Side of the Room, as foon as you remove from your 
Place.— -I move ^he Screw on the Side of the Tele- 
fcope 
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fcopc but R litde, and you fee the folar Difk, with aU 
it^ Spots, depleted on the Side of the Room, as motion* 
lels liS s Pi dure in a Frame : You may there draw the 
Circle and ddineatc all the Spots, and thus make a Map 
of the Snn with Eafe and Pleafurc. 

Eupbrcf, Thi'^ (s a moft curious Effc^ indeed, and one 
nf the n.":ift fublimF Experiments I have hitherto feen : 

—The Sun it fdf, the Beam^ the Image, the Spots, 

arc allt by this Means, permanent ^nd ^x^^ and, con- 
fcqiicntlv, mufl thereby i^ivc the higheft Sati&fa^ron in 
all curious Enquiries oi" NaturCj and anfwer the utmoil 

Exp^i5Utions of Aflronomers. ^ But now let u» 

^Jiourn to Tea: I am pcrfuaded, by this Tkne^ yoii 
Jljnd in Need of fomc Refrcfhment, — 

Cli-571. I pro mi fed you, as foon as it became dark, to 
entertain )r)a with a View of the Moon and the Planet 
"Juplt-Ty through this horological Telcfcope, and we 
have now a muft delightful Opportiipntty for that Pur- 
pcHl :— 'J'he Evening is very clear and mild, and the 
Maun and Planet prcfent thcmfelvcs fairly to the View, 

Euphr>j\ Wc could not have wiflied for an Evening 
more fcrtnc : — But your Machine, I prefume, will want 
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find the lunar Ray^, refle£led from the Speculum into 
the Telelcope, will prefent you with the PhaiVs of that 
no^5tu^nal Luminary without any Interruption from its 

Motion* You may now replace you rfdf in your Chair 

antl view them. 

£upIjrof. 'Tis delightful, thus to fct at my Eafe 
and view the hefpanglcd Face of the Moon as Ion 5 as 

I chnfe : 1 have now no'.hing to do but to fcait my 

Eyes with that wonderful Variety which thcrc appears ; 
1 have often viewed her dark and brighter Spots, hut 
never had (o clear an Idea o( all together as now prefents 
itfelf in this fteady and uninterrupted View, -It 



feems all one, as if 1 viewed a real Map of the Moon 

drawn with infinite Art and Pcrfc*5tiort,-^ As I un- 

dcrftandj pretty well, the Rules of Drawing, I could 
find no Difficulty in making an exaA Copy of this 

celeftial Prototype : Which btinga to my Mind, 

how often 1 have wifhcd that fuch a Thing as this could 
be rendered fcafablc, that we mig:ht have the Ph.ifure of 
viewing the Moon in an adequate Reprefcntatinn, or a 
Natural Map thereof^ as I am fully convinced nothing of 
that Kind, of feven or eight that I have hitherto lcen» can 
any how deferve that Tide, or be efteemed a tolerable 
Copy of the Moon* 

Ciean, What you obferve is with too much Reafon ; 
the World abounds with Maps of the Moon, and forf*c 
of the Sitn; but they who made the latter, one would 
naturally think were born blind ; at leafl, it could never 
be fuppofed they had ever fecn the Face of the Sun thn/ 
a Telcfcope^ as there cannot well be a greater Difteience 
between the uniformly fmooth and glowing Face of the 
Sun, decorated only with a few fmall Spots, and ihzit 
ihocking Reprefentation thereof by Father Kiichn^^ full 

of Flames and Vulcano^. ^It is too cafy a Matter to 

view the Face of the Moon tn a coET.mon Ttlcfcope, nor 
to be able to make fome Rtfcmblajice of her; but fhH 
it is evident, from all the Maps of the Mton I have? 
hitherto feen, that Refcmblance is fo diflant, and (o im- 
perfc^^ as to be fcarcely allowed to be called a Portrait 
of the Lineaments and native Beauties of her Face. 
In fhort, our Mtmgraphy is the moft imperfect Part of 
idl our Aftronomy j but yon fee, by this Machine, bow 
Z cafy 
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cafy It is to make an exa<5% Draugbc of rbe Moon, rtm 
jufl as cafy as to tajte a Copy of any Family Piece placed 
on the Eafe! before you, Nay> even thole who hive 
no Skill in Drawing* by Mcajis of a proper Lattice of 
Squares placed in the Focus of this Tclefcope, might, 
in this Manner » be able to make ^n accitratt Map of the 
Moon. 

Euphref This noble Invention makes all the Diffi- 
culty of conftrudling a juft Map of the Moon vmifh^ ai 
here is nothing to divert or interrupt his Pencil or " 
F^iicy. — But 1 fhall be too tediou^j therefore haften 
ihew mc the Planet ; for I confider that you have doiae, 
as it were, double Duty this Day» and that you will not 
be a little fatigued. 

Clem, Never fear mc^ my Euphrofym : Why fiio 
not I be able to talk two Hours, as weU a5 fotne of 

Sex a whole Day together, ^ — But now for the Planet 

the Scene muft be dtered^ the Jovian Day is fhorter 
that of the Sun, and therefore the Pendulum rauft now 
be adjufted to beat Time to JupUtr: — Alfo, the Spcca 
lum mult he adapted to its Declination from the Equator 
and as he was upon the Meridian at VII a'Clock th 
Evening, and it is now jufl turned of Vlllj thcfdoie 
I bring the Hour of VII to the Meridian Line of the 
Clock, and place the Hour-hand to the prefcnt Minute 
after VIII, and thus is the whole Machine, in all its 
Parts, adjufled to view the Planet, undifturbed by the 
Motion of the Earth about its Axis, or his own red 

Motion in his Orbit: As fuch you may iio# 

view it. 

Bifphrgf, I view him in perfect Serenity an*! Rc^ : 
A charming View of his fpacious Diflc regain 

my Sight ;^ — 1 fee three of his Moons with great 

DiAinctnefs j but one of them is either eclipfed or fuffcff 

an Occuhation, He continues ftill in the fame Part 

of the Field. This muft, furcjy, give a fair O^ 

port unity for obfcrving the Eclip fcs and Occukations of 
thcfe Satellites, and confeqtjemly for difcovering thfl 
Longitude, which, 1 have often heard you {^y^ is more 
fcafible by this Method than by any other. 

CUm. Your Obfervation is very ju(l : This CI 
will be of Angular Bcnciit to Mankind in that Particular] 
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iince, in whatever Part of the World ir is ufcd, the 
Longitude of that Place will he heicby drfcovcrcd with 
the utmojl Eafe and Certainiy*— ^In fhort, from the 
Nature of the Thing, it is moik evident j that no ^ttro- 
nomical Obl'ervatbns can be m^ide with Eafe and E^ca*^- 
nefs by any other Means than this, which will be fuffictent 
to rccomnicnd it to all the Studious in natural Science, 
as an Obje<5t of the greatcft Curioluy and Utility to 
Mankind. Having thus given you ;i panicular Ac- 
count of all the ufefyl Conftrutftions of optical InRru- 
ments, I fliall endeavour to prepare you, at the next 
Opportunity, for perceiving the infinite Wtfdom in the 
Conftruftion of the Organ of Sight, or Vifion, in the 
natural Mechanifm of the Eye, by a tew previous Spe* 
culations on the Nature and Effects of finglc G J rifles or 
Lenfes. 



DIALOGUE XVIL 

On the Nature and Uses i>f Single 
L E N s I s, hth Convex and Ccncave^ applied as 
Ke A ding-Glasses, Visual -Gl asses, 
atid Burning-Glasses, 

Euphrefyni, 

IT gives me the greatest Pleafurc to find we are 'ap- 
proaching towards an Enquiry iiuo the natural Con- 
lljtution and Mechantfm of the Eye, which you propofc 
to explain to me, by a DiHei^ion of the f^me, and a 
particular Account in what Manner every Part is con- 
ducive to fo ijoblc an End : But you tell me, I mutt 

be prcvioufly acquainted with tlie Lfe of fitiglc GSafies, 
the better to comprehend the fame ; and accordingly I fee 
you have a great Varitty of convex and concave Lcnles, 
tpcdaclcsj kSj€. fprcad before me on the liable, 

Cli6n, \ have providvd fuch an Aflbitmcnt only as will 
be neceiTtry for you to know the Ufes of, as Reading- 
glalle^, or fuch ai ailiil ihe Sight by a fvngle Application 

vf them to tlie Eye, -But here I 4q not fuppofc 

you 
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yoK arj i^^noriiit of the Nature of a convex GUi& a 
-Lntr.il, or of Its Ufes m the Conftruation of apod 
Ji-flrumt nts, which I have exemplified to you in fo mm 

C-^ltt^.~ You very well know, that if an Objcdlt 

placed on t>iic Sitle of fuch a Lens, at more thaw la &d 
DilUncc iVom ic, the Rays, proceeding from every iVii^ 
liivergin;^ upon the GUfs* wtU be retraced thrvmE^ ^ 
convtrgifii; to To many Poii>ts on the other Side, vild 

farm tht^ Im.ige thereof, You have aJfo be*n taygh^ 

thst when an Objeft is placed juft at the focal Dtibscr 
of the Lens, the Rays will then be refraftcd paralldtt 
each other, and thereby fitted to produce di^ndVi&m 
<.»f fuch ao Objc^ : This you had an Inilrance of m iM 
very fin^ll Lcnfes which are ufed in fingle Microfcoics; 

But there is one Cafe yet remaining, in wfcidi 

both convex and concave Lenfes become extremely uM^ 
to Mankind, which has not yet been explained: .\dJ 
that is, when the Objeta: is placed between the hid 
Point and the Glafs itfelf. 

Euphr^f. 1 his Cafe is indeed newr to me, and I fiiooM 
be very much pleafed to know in what Manner ttdc 
(jhilRs are rcndt;red ferviceablc to us in this Rcfpeift,- 
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Page becomes greatly dilated to the View, and the 
fmall Charai^ers appear as a large and eafily legible Print. 

Euphrof. All this I know very well, as I am oftentimes 
obliged, in Cafe of fuch very fmall Prints, to make Ufe 
of a Reading-glafs myfelf j but how this magnifying 
Power is produced, I am (lill a: a Lofs to apprehend, and 
mufl beg of you to explain. 

Cleon. vThis I will do in the heft Manner I can ; but 
It mud be by a Diagram, as no real Image of an Objc<H: 
is, in this Cafe, formed any where but in the Eye : 
To this End, therefore, let EC D be fuch a Reading- 
glafs, or Convex Lens, and let F be the Focus in the 
Axis FN; on C the Center of the Lens, with the Di- 
ftance C F, defcribe the Arch of a Circle Q^FP, draw 
the right Lines QC and P C, making any Angle with 
the Axis F C on either Side ; then, in the Line QjC, 
let any Point, A, be taken, and from that Point let the 
Lines A E, and A D be drawn, to reprcfent two diverg- 
ing Rays ifluing from that Point on the Convex Glafs, 
Now, you know, it is the Piopcrty of a Convex Lens to 
bring diverging Rays, which fall upon it, nearer together 
'after Refradion, and therefore the Rays A D and A E, 
inftead of purfuing their firft Diredions to I and L, will, 
by the Lens, be refracted nearer together, viz, into the 

Direftion D K and E M : If then thefe Lines D K 

and E M, as they are inclined to each other, be continuM 
out, they will meet in a Point Gin the LineQC. All 
this, I fuppofe, is very plain from the Figure, my 
Euphrofyne. 

Euphrof. So very plain, that it can admit of no far- 
ther Explication. But what am I to infer from thence \ 

Cleon, This much, that the Point A, being not far 
from the focal Diftance Q., will caufe the diverging Rays 
A I and A L, after Refraction into D K and EM, to b3 
not much different from paralUl Rays^ and therefore will 

produce diftindt Vifion of the faid Point A : But 

then the apparent Place of the Point A will be much 
altered ; for (ince the two refracted Parts "D K and E M 
enter the Eye, as if they came from the Point G, they 
will there reprei'ent the Point A ; fo that the apparent 
Piftance of that Point will be much greater than the 
real Diftance C A. This,. I fupfofe, you .can likewife 
iec from the Diagram ? 
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Euphrof, Nothing is more evident ; and at the famt 
Time I obferve, from your Drawing, that on the other 
Side of the Axis the Rays proceeding from the Point 
B will, after Rcfra£tion, reprefent that Point at H. 

CUon. Your Inference is juft ; and I fee, by that, 
you have a clear Idea in what Manner the Points A and 
B are removed to the Diftanccs G and H refpe^vely 
from the Glafs ; and that therefore all the Space con- 
tained between A and B will be expanded into the Length, 
or Space contained between G and H ; and confequently 
any Objects contained between A and B will be enlaimi 
in Appearance, in the Proportion of the Diftance be- 
tween A B to the Diftance between G H, that is, in the 
Ratio of A C to G C : and confequently, if the Page of 
a fmall printed Book be placed at the Diftance of AC 
from the Glafs, and parallel to it, the Words, or Print 
of that Page, will appear enlarged in the fame Proportioa 
as G C is larger than A C, with refpeft to their Diaiiie«* 
ters or lineal Dimenfions : But the whole Area, or 
Surface of the Page, will be enlarged or magnified in 
Proportion as the Square of A C is to the Squareof G C. 

Euphrof. This I fee very plainly illuftrated by tbt 
Words, Godfave the Kingy in fmall Print between A B» 
and in much larger Charad^ers between G H. ■ Pray, 
CUon'uns, is th«ie any general Rule to be obferved, for^ 
holding the RcadingJglaTs, with Refpe6^ to the Eye and ' 
the Print? 

Clesn, There is, my Euphrofyne: For by the 

Mathematical Theory we learn this Rule, the Diftance •( 
the Ohjc^ A C and that of its magnified Appearance G C, 
is always in the Proportion of the Dijiance of the OhyeQ 
from the Focus A Ci., to the Dijiance Q^C of that Focus 
from the Glafs \ and, confequently, from hence you will 
obfervc, the Icfs A Q^is, or the nearer the Object is held 
to the Focus of the Glafs, the more it will be magnified} 
and fince the Rays paiTmg through the Glafs differ but 
little from parallel Rays, it will give a diftinft View of 
the Obje6t fo magnified ; and by moving the GUfs one 
Way or the other ever io little, you will immediately find 
the Pofuion of the Objecfl, and the Glafs where the 
Field of View and magnifying Power will bcft fuit the 
Eye. But tbii is a Pomt which wc arc direded to by 

Nature, 
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Katurti wichoyt aay Rules of Art, And this, 1 thiaki 
is as much as I can fay with regard to tbe N^iture and 

XJk of a RlAOlK<l'GLAS3, 

£4d>kr&f. Is there nothing particular with refpcfl to 
the mze, or focal Length of tboie Glaffes, by whick 
we may be ciiredted in i*ic Choice of ihcm ? 

dean. Yes, moft certainly j for if it be propoled 
to read with both the Eves, then, in fuch a Ca<c, the 
Glafi muft be fufficieHtly krge to tranrmit the Rayi 
from the Obje£t to both ihe Eyes, and, confcqueudy,^ 
ought not to be left than three Inches in Diameter i 

The elliptic Form is alfo preferable to a round 

one, in a Reading-gla& : ;i*nd, laftly, the lofigcr 

the focal Diftance, tiie kfs irkfome h the Eftlct to ttie 
Eye, But in thJs Refpe<5tj the Eye muft be confultcd, 
tnd the fiiagnifying Power of the Glafs nauft be fuch at 
j@ required. 

Euphr^f. What \% the DiiFerence between thefe largp 
Reading-glafles and Spe^acJes, or VifuidGiqffiS^ as yoii 
cal] them. 

CliQn, The Nature and Effe<?t of both ai* much the 
fame, only the Vifual GlafTes, being difpofeH in a pro- 
per Frame^ may be, in different Ways, applied to th*f 
Eye, without being hdd in the Hacid| and, therefore, 
leaving both Hand» at Liberty, they are much bettor 
futted to all Occaiiorts of Reading, Writing, Working, 

Es'f. than a manual Gb-fe can be,^ -Befides, the 

Vifion is more diftin^t and perfe^ through two 01a4re«, 
than by one alone j becauie the Axis of each Glafs, 
^hcn they are properly fixed in their Frames, may be 
mMk to coir*cide with the Axis of each Eye refpcflively 1 
•Mid therefore the Rays of every Vii'ual pencil will be 
much more naturally fefra€ted to the Eye, than they 
can be through a fingle Glwfs, where only the colla- 
teral Rays of fuch Peneijfi can enter the Eye, by wiiidi 
the Vifion can be neither fo eafy or perfeft aa in the 
former Cafe, 

Euphr&f But what is the Reafon of thit black Circle 
or Ring of Horn about the Glafs ? 

Ck<m, There is more Reafon for this than many 
Perfons are aware of: tlie Pupil of the £ye is but fmally 
un^ no more L{|liil can be of Service to Vifioaj th^i what 

Vol* IL Y enters 
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higfCf ihao the Pupil of the Eye, 
for converging a PcncU of Rays to the J_ ^^ ^ 

that which now enters it from the wideft ttac> 

f0T«, all that Part of a Pencil, fo very btge, as hSl$ oil 
fucb a Wide Glafs, muft, by far the greatdl Part, be 
loll tipon the Eye : but that is not the worii CoaJequeacc 
of a broad Glafs ; the great Quanucy of Ligbt whick 
falls upon the Ball of the Eye cannot fail, by fltjch^. 
con/taut S ufftifion, to difturb and render V ^ 
by that which really enters the Eye: noi 
the conftant Action of Light upon the Bail of the 
muft have a fcnfible Effed* in Time, ia wcakeniof 
fame, and produce, gradualJy^ thofc Changes and Alter- 
ations in its Texture as mufl be attended with Uncaftods 
to the Perfoni and injurious to all the Puipofes of 
Vifion: Therefore^ to prevent, as Duicil i§ 
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poSble^ fuch bad Effects, the circular Zone, or Ring 
of Horn is applied on the Out-flde of the GUfs^ lo cat 
off fo much of the collateral Rays^ or hurtful Pan ol 
Light: and were this Rim broader, and of Couric the 
Glafs narrower, it would ftill conduce more to ihc Per- 
fe^ion of Vifion : But as there Is no Convenicocc witl* 
out an Inconvenience, the making the GliiTs fUino>P9 
would be apt to contrail the Field of View too mi 
the Diameter, therefore, of the Glafs muft be Idt 
large as will admit of a fufficicnt Extent of View, 
all the Purpofes required | and all that is more, k 
mental, and ought to be excluded. 

Euphrcf. I have no Occafion» as yet, to ck\ 
the Truths you have been now advancing ^ but I y\ 
of their Rcafonablenefs from the Structure of opt 
Inftruments, and from the Make of the Eye ItJclf j 
in all Microfcopes, Telefcopes, ^r. I obfen*c a DiapKcagp^ 
or Stop is placed in the Focus of the Eye-j ' 
circumfcribe the View within proper Lionlcs 
the Apertures of Object Lcnfes adjuftcd to a pcculi 
determinate Size, for Admi Jion of one requifite Degr 
of Light, in order to produce diftincl V»fion to ihotf 
Inftrumems : And I make no Doubt that the fame Reakr) 
holds, for the fmaJl Size of the Aperture, or Pupil #f 
the Eye itfdf : ^But as 1 iliail, at other Ti 
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difcourfc with you farther on this Subjc*^^ you will give 
me Leave to aft one C^uclVioti coiiLTraing Csncttvi Lmjes : 
How fhey bccoiTie fo uleful to ihort-fighted People, as i 
find they are ufcful to them only ? 

Ckm, The Nature and Ufe of thofc Lcnfes will be 
better underilood, after you have fecn a DSifedtion of the 
Eye; and then the Ufes of thefe, snd alfo of Convex 
Ghfies^ will be exempIiEcd with Experiments of atl 

Euphrof, Are there any other conftderable Ufes to be 
made of Convex^ or Concave Lenfes I 

C/fon* Xherc is one of a very extraordinary Nature, 
viz. the Pmv£r of BuANiKC, which is the EffeB. of very 
large Convex Lenfts, and Concave Spcculums j this 
they perform by converging the Sun's Rays into a very 
fmall Space, or into what we may properly call the 
Solar Spot, or Image of the Sun : And it is well known, 
f the fmall er the Space is into which a given Quantity 
of Rays can be colle£ted, the more Denfe they will 
be, and coiifequaidy the more powerfully they wtll a^ 
or burn, 

Euphr^f I have heard much concerning the wonderful 
Effeds of GlafTes of thfs Kind, with Refpctt to their 
burning Power ; but have fcen little or nothing of it 
more than the common Experiment of lighting a Pipc» 
or malting a Piece of Wood fmoak with a coitimon 
Burning-g)af5, 

CUon, Thcfe arc trifiing Effects to what are produce- 
able by thefe KinJs of Glalfcs. But as I know you wilt 
not be fattsfied with the mere Relation of Paxils, though 
of ever fo wonderful a Nature, without fome previous 
Ideas of the Rcafon and Caufc of them^ and, a» in this 
Cafe, it is not very diflicult to be undcrflood, I fliaU 

give you the following concjfc R:^thnGU thereof: =— 

You have fccn that every Object his its Ima^e formed 
by s Convex Lcn*, and Concave Mirror, in its Focus i 
accordingly, the Sun itfelf will have its Image produced 
of a fcnhble M^gnitudi^, becaufe, as 1 have formerly 
told you^ the Ohjtct and its Image fubtend equal Angles 
at the GlafTcs » and therefore^ becaufe the Angle under 
which the Diameter of the Sun appeari i» fuli half a 
Degree, therefore, alfo, the Im^ag* of the Suji will 

Y a fub- 
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^snz Tj X Fnnr jt 3e Focib of C9e Gii6;\at dut 
a anc die Cae 1 v. xx oe Foes cf afl Obits, die 
Aa^ ioK. IT jBoss^ is cc a leaAie Magniuiiie, md 
saer ac' ura i u. if mai ^lsmul^ wA ndb the Am of tk 

.fiaov^l If i arriy- Fiiar jcs r^t, all the Rijs 
V91C2 zaL noL me Sor^cc W tkc Gla6 are ooUeded 
aim ^feac ccciiiar, aeni very taBinoas Spot, whidi «c 
cad. is ^acaa. anf tkea » Rm cf Li^ will be 

<ae ^i£ SoQC z jBtaa:^ Svfaceof tbcGlm&; tod, 
ggm caiJiBic iyy rher D/yngntje sd b Tti mg, But what 
wul ac rxB avd cact r Lieat Mrt faod of metiuring thii 



T=ii SEZT Tsrr xcaiCj hoM a Box-nilcrY <liviM 
in£ Tmrits aad thcxcbjcftiiBitc die Diame- 
aor « tae iCLir Spec in Teoda of an Inch : But diis 
SCsE^oc will 20c 00 In 2II C^ies, I flull dierefvre propofe 

•■erkisvill. It happens Tcry luckily diat, with 

the Rad::i3 or Diftaacc c^ fix Inches, one Degree is very 
t/csrrr cco^ to -r^ of zn Inch ; therefore, at the focal 
D.^^ce ct II Inches, half a Degree will be equal to 
,V of an Inch, or that wiil. be the Diameter of the 
foliT Spct cf a Lens whole focal Diihuice is 12 Inches. 

Now this Spot in a Lens of twice, or three 

Titrcs that focal Diftance, will be twice or three 
Tirres 2s large ; fo that in a Lens of four foot Focus, 
it w^li be ^f oi' an Inch, and fo on for other Lengths in 
Proportion. 

Eupbr§f. This I clearly apprehend ; but what is your 
Inference from hence ? 

Clecn. When the Diameters of the Glafs and folar 
Spot are known, then alfo the Proportion of their Sur<* 
faces are known, being always in Proportion as the 
Squares of thofe Diameters. Thus, for Inllance, if a 
Lens be four Inches in Diameter, and its focal Diftance 
12 Inches, then will the Diameter of the Spot be tV^^ 
an Inch, as I faid before : But in the Diameter of the 
Glafs there are ^J of an Inch, therefore the Area of the 
felar Spot will be the Area or Surface of the Glafs, 

as 
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as the Square of one ro the Square of 40 ; that is^ ^ 
one to 1600: Therefore the Dcnfity of the SuD^Bcams, 
in thefolar Focus^ will be j6oo Times greater than that 
of the folar Rays falling upon the Glafs; And hence you 
may plainly perceive the Reafon> why a Lens no more 
rhan 4 Inches in Diameter will yet prove fo powerful a 
Burning-glafs, as you obfervcd it in the Inftances you 
jult now mentioned. 

Euphrof I now begin to fee plainly, the Reafon of 
the Ettedts of Lenfes and Mirrors, in regard to burning ; 
and I alfo apprehend, that this Power of burnitig will 
increafc in Proportion to the Square of the Diameter of 
the Glafs, while the focal Diftancc remains the fame. 

Clton, It will fo: Thus, fuppofe the forementioned 
Glals of 12 Inches focal DiHance, were 6 Inchcp, orf^ 
of an Inch* in Diameter^ then will its Power of burning 
be to the former as 3600 to 1600* or more than twice as 
great, becaufe more than twice the Quantity of Rays fall 
upon this larger Gbfa. 

Euphrof* But fuppofing the Surface of the GJafs con* 
tinue the fame, but has a lefs focal Dirtance, then will 
the folar Spot be likewifc Jefs j andj confequently, the 
fame Quantity of Rays, being colledled into a fmaJler 
Space, will a£t, or burn more vehemently : Therefore, 
alfo, the Power of burninjc muft be greater in Propor^ 
tion as the Area of the folar Spot is Icfa, Is not this 
right, CUonicus ? 

CUnH, Extremely fo ; You reafon like a Mathema- 
tician.- The true pjnth is, the Diameter of the 

folar Spot being always as the foc-ai Dillance, the Area 
thereof will be as the Square of its Diameter, and, con- 
fequently, as the Square of the focal Diilance of the 
Glafs 1 Thereft>re wc colle^5^ this general Rule, the 
Power of burning in miy Lnu is prsp^rmned U the Square 
if its Dimnefer direifiy^ md the Square sf its fics! Dljimice 
irwerfefy: And from hence if will be vf ry cafy to compare 
the burning Powers of any Lenfes w.hofe Diameters and 
focal Diftances differ. 

Euphrof Pray, what are the largeft Cize Lenfes ufually 
made for this Purpofc ? 

Cle&n, They feldom exceed 7 or 8 Inches in Diameter j 
and are from 3 to 4 Feet Focus ; and fuch a one you 
|i,ore fee ; The Diameter of this is 8 Inches, and the 

Y ^ Focu? 
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Focus 3 Feet difttint, therefore the folar Imtge Will be 
-,^« of an Inch Diameter: And, as there are ?§ of m 
Injh in the Diameter of the Glaf% it Will con4eiife tiie 
Rays in Proportion, as the Square of Bo to the Squarrf^ 
3, that is, as 6400 to 9, which is IJttJc more ehaii 700 
to I. Whereas I obfervcJ to yoa before, that the Pciwcr 
of a common liurnjrig-glafs, no more than half chti in 
Diameter, and whofc focal Diftancc but y, had a Pawn 
pi' burning as 1600 to l» wh^ch is more than twice m 

freat as this vcvy large Lens h capable of, which Inftancc 
give tu fatisfy you^ that as much m^y be done bf 
Shortening the Focus of the Lens as br increafiug iu 

Diameter or Surface. But, when the Diameter of tbe 

Lens is very Iar«e, it will require ^ vcrjf exirMxdinuf 
Thicknefs of Glafs for grinding them to m (hort fbcil 
Dillii.ii'^, fufKcient to render them Buming-gUUcs in 
an^ Cull fidcr,ible Degree* 

Euphisf, But, pray, Ckdnimt w there no Method ef 
combining tivo of theie Lenles togetherj to incrcijc tfccii 
Power of burning ? 

Ckm. Ych^ my Buphrsfyne^ there is j for if a Leu* of 
6 Inche^ Diameter and one F(x>t foc;il Diftancei wik m 
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cul iiim$ of different Kinds^ of which I {ball mention to 
ycu mur of the prinajiaJ Forms. The ( i,) is an entire 
cor i:ave Glafs, but of very large Dtametcri and a$ ihort 
a focdl Diftance as poflible* (2,) A very large fpherU 
caJly concave Frame, in which are placed feveral leffer 
concave Speculurtiii, of the fame Radius with that of the 
Frame; Thefe, truly fixed, will have all their Focufes 
thrown upon one common Focus in the Axis of the 
Frame, which, of Courfe, muft burn 10 a prodigious 
Der^ree. (3.} In fuch a large Frame, ihey have alfo 
contrived to fix plain Glafs Spcculumi| which) being 
duly adjufted by Screws, will throw all the Sun*$ Rays 
which fall upon them into one common Part of the 
Axis of the Concave Frame, which, there making a 
Sort of Focus, will burn very intenftly. (4.) Any la^ge 
Concave Frame, as before has been dcfcribt-'d, \iith a 
fmooth polifticd Surface of fuch Matter as will fl^rongly 
reflect the Rays of Lrght, and has been found to anfwcr 
extremely well. 

Euphrsf Have you fecn thofe fcvcral Kinds of Spccu- 
lums which you now mention ? 

CltQn. I have Icen of the fir(l and fccond Sort; but 

never any of the third and fourth : -But of the firft 

Sort, 1 have never feen any fo large as todrferve particular 
Mention at this Time : 'Thofe of a Feet, or 3 Feet and 
I in Diameter, are the largeft that are commonly made^ 
and are much more ufed for optical Purpofes than for 
Burning-glafles, as their focal Diftanccs are not (hort 
enough 10 anfwer the Purpofe of burning fo much as 
might be cjcpe^led from ib large a Surface : However, 
all of this Kind, that arc in any Degree large, burn very 
intenfety, efpecially with a Summer Sun, 

Euphrsf And what have yt>u known of the fecond 
Form of Speculums, which you mention; which^ I 
think, may be called compound Burnmg-glaires ? 

Ckon> They are very properly fuch; but all that i 
)mow of them is, that they have been made of a very 
large Size, one of which, in panicular, contained 
about 30 very large fquare Concave S pec u I urns, not lefs 
than 20 by 24 Inches, if I remember n^ht 1 This very- 
large Concave Speculum was placed at the Top of a 
fioufe^ Was, at the great Toy-fhop the Corner of St. PWs 

Y ^ Cbunih* 
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Chortk-^mrdf moveabk upon an Axis^ to render it of 
Bocc coDvenient Ufe : But as 66 its Effeds, tlioug|i tbey 
jBiift have been incredibly gfeat^ I do not remember toi 
have ha: anf particular Accouitt of them, anj more than 
m one Tfitbncr, vi%, that a largje Bar of Iron Wqidd inftaody 
be ndted ai^nder in its Focus. 

Et^fbnf That was a prodigious Effba, indeed | 
ace i woodcr ycrj much, that the World has no^ 
be<a mcfc apprized of the ftupendoiiS £fie& of a Coo- 
cx¥e btiroLig Speculum of fuch in amazing StrM^uic 
F rAj-, what do you know of the third Sort yoa 
BKstioosd, compounoed of plain Speculiima u0ad of 
Concave ones ? 

Cittm. Thb is but a late Inveatioa ; the principal 
l aAikmuA oi this Sort was made by Mr. Baffim, which 
wxs 6 Feet in EHameter, and contaii^ i68 iinaU Mirrors, 
or air Pieces of Looking-glafs, with proper Movement* 
far a^:imn^ them to a common Focus : They wcreeach 

of tixai o Inches l<|i:ar^. But what ia peculiar to 

dkb Coatnrance is, that we have it in our Power to make 
the tb<ci! Diilancc greater or Icls, and, con)eqoentlT» 
)prhilc the Frame remains in the fame Place the Glafles 
may be fb adjufted and difpofed as to throw their ^'onimon 
Focus upon the Obje<^ intended for Acceafion. 

Euf^f, This muft be a carious Artifice moft cer- 
tainlr ; but I fuppole the Difficulty and Expence of fudl 
an Apparatus, for this Purpofc, is not inconiiderable :— 
But, pray, has it been brought to any great Perfedioa, 
or has any very confiderable Experiments been made 
with it 5 

iittm. It b fjLid, that Mr. Bafftrtt in the Month of 
JI^,K let on Fire Boards of B«urfa-wood, at the Di- 
llwoe of 150 Feet : At another Time, he burnt Wood 
at the DiiV^uice of 200 Feet : He alfo melted Tin and 
LeAvl, a: the Diilance of 120 Feet; and Silver, at 50. 

But, as you rightly j jdgc, the Expence of fuch ^ 

compound Speculum muft be very great, iince each 
fmjtli Speculum had no lefs than three adjufling Screwi 
to give it a proper Inclination, for dire<Sling the folar 
Rays to any gi^*en Point, and the whole Machine i| 
4iio\-eabic b\ a Smvtl-lilte Contrivance ; fo that one may 
burn horizontalfv, upwards or downwirds, and tbaf 
jimoil at any Diitancc one plegi'es. 
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Euphref. One would think fuch an Inftrument ^s 
this ihould prove dangerous, efi^ecblly near the Sca-fide^ 
where Ships tn the Harhour might be liable to be felon 
Fire by it. 

CUon. Your Obfervatton is fa far rational} that, if 
fuch a Machine cou]d be conveniently made, it would 
certainly be of Ufc to every Town J i able to a Siege, 
whether by Sea or Land, efpecially if the Time for 
adjufting the Lenfes were not very tedious. It is rdated 
hy Icverai Hiftorians, that Archimed£s did adually fct 
lire to the R$fn4m Fleet, at the Siege of Syracttfr^ by a 
Burninf-glafs J and that the Navy befieging Byxsntium 
was, by a Burning-g!afs under the Direction of Proclus, 
reduced to Afhes, But what Sort of GlalTcs the Ajiticnta 
made Ufe of for this Purpofe, Hiftorianii do not inform 
usj but, very probably, they were not Speculums, but either 
Lenfes or burning Spheres^ 

Euphref Then you really think that Burning-glafTcs^ 
of fome Sort or other, were in Ufe among the Anticnts? 
Pray, what Account do you End of them among the 
Writers of Antiquity? 

€Um^ I can fay but little on that Head : Wwy mentions 
what he calk Balls, or Globes of Glafs and Cryftal, 
which were made Ufc of by Surgeons, who collected the 
Sun-beams with them in order to cauterize their Patients ; 
And Lamltitttius tclts us, that a GUIs Globe, hlled with 
Water and held up to the Sun, would kindle a Fire cvea 
in very told Weather : But, to pafs by other Inftances^ 
there h one very remarkable in the firll Scene of the fecond 
A6t of Ari/fophamis Play, called. The Vluuds^ which the 
famous Mr. De la Hire makes no Doubt is a full and 
convincing Proof of the Ufe of Lenfes, as Burning- 
glafles, among the Antients j and, becaufe the Pailage 
IB not long, I fhall read it to you out of that Author j 
^ ■— StrtpfmdiSy an old ftupid Fellow, tells Sscratfr^ 
he had found out an excellent Contrivance againft 
paying his Debts j and is introduced fpeiking after thi| 
Manner ; 

STREPSf ADEs. Hovi pu never fun^ at the ApQihi- 
ftiries^ that finf iranfpartnt Stme with whUh they kindU 
ftrer 

Socrates. De ym mtan that Ghfs ^ 
2 
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Strepsiades. Tes. 

Socrates, Brirrg it ; what then ? 

Strepsiades. H^hcn the Attorney bath written mt 
JSfion agaivjl me^ I will take this Glafsy andy Jianding €t • 
Diftance in this Manner againfl the Stuiy I will melt down 
the Letters of my ASfion, 

Socrates. Cunningly done^ by the Graces, The Scho- 
liaft Opon this Place fays, this Glafs was a Trocb^ide^ 
which implies, that it vrsis round like a fPTfeeiy and, there* 
fore, I think very plainly indicates its being of a lenticular 
Form, and not a compleat Globe. 

Euphrof. Well, this has pretty well ^tified my 

hiflorical Curiofity : Tell me next, what you koow 

of the fourth Kind of Burning-glafTes. 

Cleon, With refpefl to the Power of Burning, they 
are the moft celebrated of any, concerning which, vre 
have feveral curious Anecdotes ; for Mr. Boyie made one 
of thcfe, of black Marble, of a very large Size; but, 
though well poliftied, yet, being of a black Colour, it* 
would not fet Fire even to Wood, though expoied a 
long Time in its Focus ; which plainly fhcws how fmall 
a Quantity of Light is reflected from black Subfhmces. 

On the other Hand, we read of a Burning-glafs 

(if we may fo call it) that was made only of a fmooth 
Concave Surface, and overleaved, or finneercd, as it 
were, with white Straw, made by an Italian Artift, which 
had a prodigious EfFe<5l in burning from the Light re- 
flefted from fo large a Surface and natural polifh of Straw. 

But the moft remarkable of all thcfe Sorts of Mirrors 

was that of the celebrated Mr. Fillette^ which wa^ 3 
Feet II Inches in Diameter, and its focal Diftance was 
3 Feet and 2 Inches : It was a Compofition of Tin, 
Copp:r, and Bifmuth, fomewhat like the Metals we 
now make for reflecting Telefcopes; it was a white 
Metal, ami bore a very nne Polifii, and therefore, from 
fo large a Surface and fo ftiort a focal Diftance, it is no 
Wonder if we find its Power of burning, melting, 
calcining, and ' vitrifying Bodies very extraordinary 
indeed. 

Euphrof, I wi(h I could get Information what fore 
of thofc Effcsfls might be, for I have a great Inclination 
to be fatisfied abouj every Thing in regard to Uic 
Wonderful, I 
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Ciesn. In thb you are not particular, my Euphrofyne ; 
It is a Kind oruniverfal Paffion thai, more or lefs, affedU 
fi\\ Maukind ; Things of an uncommon and extraordinary 
Nature mvrr im\ to ftrike us with agreeable P leaf u re and 
J>urprizc : And as Burning h in itl'elf one of the rooft 
exqtiifite Anions of Nature, the follcvs^ing Experiments, 
made in Relation thereto, cannot but give you the higheft 
Satisfaction : A Catalogue of fuch a^are moft remartablc 
I ihaJl here rehearfe to you, 

I. A red Piece of Roman Patira (or Tile) bcgaa to 

'melt in ^\ and was ready to drop in loo". 

^K 2. Another black Piece melted at 4 ', and was ready to 

^^i3rop at 64". 

3, Chalk taken out of an Ech'mus Spartagui fled away 
in 33''. 

4, A FoiTOe-flbdl calcined in 7^'. 

K 5. A Piece of P&mpcf^ Pillar at JU^midna vitrified in 
™ the black Part in 50^', and in the white Part in 54 '^ 

6. Copper Ore vitrified in %\ 

y. Slag, or Cinder, of ancient Iron -work, ready to run 
in 29 i"*. 

8. Iron Ore fled at firfV^ but mekcd \n 24''. 

9. Talc began to calcine at 4o"| and held in the Focus 

64". 

10. Cukuius humanus was calcined in %'\ and only 
dropped off in 60''. 

*' 1 1, A great Fifh's Tooih melted in 32 l\ 
12. Th«^ Afbcitos fccmed aiittlccondenfVdin 18", ^nA 
Mr. pllletti fays, the Glafs ufually calcines it, 

13. Marcafite of Gold broke to Pieces, and began to 
melt in about 30", 

» 14* A Silver Sixpence melted in jX*^ 
15* A Copper Halfpenny (of King fPliiiam*s) melted 
in 20% and ran with a Hole in 30", 

164 A King Gforg/s Dttto, melted in 16, and ran 

17. Tin melted in 3'', 

18. Caft-Iron mcUcd in 16''. 

19. Sliitc melted in 3", and had a Hole in 6", 

20. Thin Tile m(:Ued in 4", had a Hole^ and was 
ItHfied m So", 

Zi- Bone cakij>ed in 4'', and was vitrified in 33''* 
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22. A Diamond, weighing 4 Grains, loft f of in 
Weight. 

Euphr&f Thefe are wonderful EffccSts indeed, to 
thtnk that the Afitfts^ itfelf^ which no common Fire 
can injure, fliould yield to the calcining Force of this 
Burning-glafs.— — Ifuppofeyou have the fame Method 
of computing the Force of this GUfSj *5 before of the 
Lcnfes ? 

ChQn, The very fame; andby Computation it a;>fManr, 
that the folar Beams arc condcnfcd hy thi$ Specttluin 
upwards of 17,003 Times, and that tne Heat in the 
Focua of this Glafs wiU bum with Inccnfity 433 Ttma 
greater than that of common Firej and therefore no- 
thing is an Afiejhs^ JmianthuSy or inesmh^JfikU SubfhAcc 

in the Focus o* fuch a Speculum,^ It may be m 

my Power one Time or other, to repeat thefe Experi- 
ments and verify them by ocular Demon ftration j but> 
at prefent, you muft be content with a mere Narration 
of Faas, 



DIALOGUE XVin. 

'The Nature and Structure &/ tbe Eye «r- 
pkinedy with regard to perfeil VisjoNj h ^< 
unatomical D i s s £ cti o n ibereof, 

Clisnicus, 

OF all our Senfations, thofe of Vifion have been 
ever cfteemed of the firft Order : It will therefore 
be no unplcaftng Speculation to my Euphrsfynt^ to be 
rntertained with a ftiort Narrative and Explication of ihi 
natural Mechanifmof the wonderful Orcan of SiCHT^^^ 
and what the proper Oflicc of each conflituent Part b^f 
or how far it conduces to per fed this moft eacquifice m^ 
all our Senfcs, 

Euphrof. I am tranfported with the Thou^te of 
being in any Degree capable of undcrftanding the Frinci- 
ples upon which the Stru^ure of fo noble an Orpft 
depeiids ^ the component Parts of the Eye, I prefume, 
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you ifitcDd to exhibit, by a DiHedion of tbofe £yc-$ 
\vhkh I fee you have here prepared ; and^ as I have never 
yet feen any Thing of this Kind, the Inftf unions I 
ftiall receive wilJ be both novel ajid improving in the 
hJghcft Degree. 

ClasH, I do not propofe to trouble you with an ana*- 
tomicai Account of the great and wonderful Apparatus 
of Mufcles^ wherewith the Eye is furniihed for all 
neceiTary and convenient Motions j this being only a 
collateral Confideration, or Circumftance of the princi- 
pal Objeft we are at prcfent intent upon, which is the 
Faculty of natural Vifion : For though the Eyes of 
many fmaller Kinds of Animals, as in moft of the infefi 
Tribes, are fixed, yet they are fo difpofed, that Motion 
in them is rendered unneccirary, as they caii fee ail 
around ihem without: But as the Eyes of moft Animals, 
and particularly our own Species, arc both in Front, *nd 
we could look only diredtly before us, provided there 
was no mufculai Motion , it became necclTary toconftruiSt 
the Eye with a Variety of Mufcles to give it Motion, Jn 
til Dire^ionsy in the vifible Hemifphere before us ; and 
one Thing I mud not omit to obferve, that as it is 
fometimes nccciTary to have an oblique Motion of the 
Eye towards the Nofe, and there being no Roam on 
that Side for Mufcles, as on every other Part, provident 
Nature (which is never at aLofs for Means to accomplUh 
her Dcfigns) has contrived a fmall Bone on the Side of 
the Nofe, with a fmall Perforation, or Hole to fcrvc as 
a Pulley through which the Tendon of a Mufcle pades 
to a convenient Infertioni and thereby fuch an oblique 
Motion is given to the Eye, which would have been 
other wife impoflible. 

Euphrofn One would think it was impo^ible that mty 
Pcrfon who confiders this, or any fuch Inltanccs of the 
moft apparent Defign and wife Difpofition A^t Parts^ 
could ever be an AtheilK 

CU&n. What you obfervc is very juft \ they who con- 
fider fuch Things arc fuffieiently convinced of the VLk* 
iltence and Providence of a Deity ; and perhaps there is 
not a more fertile Field of irrefragable Proofs of thofe 
wife DeGgns and Artifices, which Nature makes Uifc 
c»f coanfwer hcrpropofcd Ends^ t)\zn anmmmiDiJp^ims* 

Every 
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Ever)f Part in the Structure of animal Bodies fiHs iii 
with Wonder and Amazement* not more at the Almighty 
Power, which is vifiblej in makingj but at the inftnit* 
Wifdom which is fo manifeftly employed for anfweringj 
in the beft Manner, all the Ptirpofes of the animal Oecc 

^ptby^. 'But now to the Point : You fee, hci 

two Bullock's Eyes, which I have provided on pui 
to diffe^t, that you may fee how far the fcveral Parts afd 
concerned in producing the fublime Faculty of Sight: 
But^ before we begin the DiBiy^ion, it will brl 
worth your while toconfider a few Particulars, rcfpeiling' 
the external Dirpofuion, or Form of the Eye : And fixft 
of all, you obferve a long white cylindrical Body of 
nervous Fibres, which cniers the Ey^ on the hinder Part 
or Bottom of the Eye, and which the Anatomift^ ufudly 
call the Oftic Nerve, 

£uphr$f The Part you now mention has engaged 
my Attention ever fi nee I have been in the Room; but- 
before wc proceed farth cr, pray, let me know what you 
mean by a Nerve. 

CUsn. A Nerve is that moft diflinguiHied Part of 
animal Bodies which Naturalifts tell us ts the unjverfal 
Organ of Senfation* A Vegetable is an organised Body, 
and has Variety of Vcflels for circulating Fkidst 
analagous to thcfe we find in animal Bodies called Arteries, 
Vein^j &c, but^ as it has no Senfation, there is no Oc- 
cafionfor this Part which is called the AVrt^r, and there- 
fore we find none in the vigetahli SvsTEM. 

Euphnf But, pray, Cltonkusy how is this Pait^ yOU 
call a Ncrvej the Organ of Senfation f 

Ck^, I can give you but a partial and impcrWl 

Anfvver to fuch a Qutltion. ^The NcrvCj which 

you fee, is a Continuation of the medullary Subfiancc cf 
the Brain, contained in proper Coats, or Iniegumam r 
the Fibres of this NcrvC| having parted through the 
Coats of the Eye, are there fpread into a moft exquifite 
fine Membrane, which covers all the interior Parts of the 
Eye, except that whit h is open before: This Membrane 
the Anatomifts c;*!! the keiina^ and is, l^cyond ;l11 t>if- 

For 



putc, the immediate Int^fumcnt of Vifion 
the Rays of Light which cuter thrauj^h the fore Pirt of 
the £v^» being rcfr^ided to thi^ nervous Meiiil»r«ii% 

Wdl 





I 



I 
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wHl fo afFed, by their various Impulfe, the Fibres thcreaf, 
which are in immediate Connedtion with the Brain, st% 
to convey to the common Serifory thereof the Species of 
Things without us, from whence ihey proceed; and by 
this Means they excite in the Mind the Ideas of thofc 
Objedts under all their C ire um (lances of Form, Magni- 
[tvds^ DirtancCj Colour^ ^nd all their other Afft^Slions, 
— But how, by this natural Agency of one Sort 
ffjf Matter upon another, thofc mental Ideas are formed, 
^and the Operations of the Mind directed and influenced^ 
is a Subject far beyond the Reach of the human Under- 
filanding, 

Euphrsf, I know the in fcru table Secrets of Nature 
lo not belong to us : I think myfelf very happy that I 
iliave the F;icu!ty of Vifion, though I can never adequately 
know the wondt:rful Manner in vrhich it is cffcdtcd ; it^ 
enough for me, that I can be acquainted with the Ways 
arid Mcims which the Author of Nature makes ufe of to 

efFc<5l it. —But I obfervCj CimnkuSj that the optic 

Nerve enters the Eye on one Side, and not dirc£Hy in 
the Middle of the Bottom of the Eye ^ pray, do yoti 
aiTignany Reafon for thjit? 

CUm* Yes, my Etiphr&fynf^ and a very good one too, 
vt%. becaufc the Rays of Light, whicii fall on that 
Pirt of the Eye where the Nerve enters it^ are thereby 
rendered of no Effe£t, or become ufekf* in that Pointy 
where all the Fibres of the optic Nerve are divjded one 
from the other, and no one in particular can be a£led 

upon by ihofe Rays : — By this Means you will c^fdy 

undcrftand, that thofe Rays which come from ObjeiSts 
quite on one Side of the Hemifphere of View can be 
loft J but thofe Rays which arc loft in one Eye, arc 
always effedual in the other : So that with both the 
Eye^, it is in our Power to fee every Object wherever 
pofittd in the natural Extent of View,— Hence aji other 
Inftance offers of wift Contfivance, as alfo % Reafon, 
among many others^ why two Eyes are natuially of 
more Advantage than one. 

Euphrof. Hy what yoy have faid, one would con- 
cUidi", that an Object could not b^ feen by Rays which 
tail on that Part of the Eye where the N^rve rntei!* it: 
Prav, rf there any Experiment by which this can be 
coaHrmcd ^ 
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Cle&n, Yes, there i«, and wliich you fball tmoiedmtdf 

try, tor your own Convi£lton. 1 *ifill ftick thirt 

Pieces of Paper (A» B, C) ♦ upon the Side of the 
Room, aboyt 15 Inches aparr, and riien I will pltct 
you at fuch a Diftance from, and cJirrdHy before the 
middle Paper, that, if you fiiut one Eye, and then tjim 
the other obliquely towards that outfidc Paper wHid] h 
on the Side of the enctofed Eye, the Rays eommg ffoot 
the middle Paper (B) will enter the Eye, and fall upon 
the Infertion of the optic Nerve, by which Memitf the 
ilaid Paper will immediately vanifh from the Sight, whiJ: 
-the two extreme Papers continue vifible, 

Mttphr&f This is fiich an optical Pafadoi, that I 
long to be fatisfied of the Truth of it by Eifpenmcnt,— 
1 lee you have placed the Papers on an advantageous 

Ground to be viewed : ^But now, wherenboot raut 

1 ftand to view thi& odd, or rather Na Phanammcn t 

CImh As the Papers are about 15 Inches afimdcr, 
you muft place yourfelf direflly before the middle Paper, 
at the Diftance of about 6 Feec and a Half, and take 
Care that your Head be not in the leaft ttirned on one 

Side; Then fhut the left Eycy and turn the right 

Eye obliquely to view the left Hand Paper (A), and thr 
middle Paper (B) will inftantly difapp^r at the fame 
Time as. the other extreme Paper (C) is vifibi-, 

Euphrsf Well, I think I am very near the Spot n 
|wint to, and that my Face is quite parallel wich the^i 

0f the Room : 1 ihut ray left Eye, and diroft 

Right to the left Hand Paper, without moving my Head' 

*-^- And, fure enough, the middle Paper is goncj 

it difappears as if by Enchantment,- ^and the other 

Paper beyond is Hill in my View. 1 think thii Ex- 
periment equally cunous as wonderful, But now, 

let me try with the other Eye. 1 find it the voy 

fame as before ; therefore to each Eye, in this Sittfatioiig 
the middle Paper becomes invifiblc, though fo large ai 
an Inch Square. 

Ciesn. Nor js there only that particular Spot on whic 
you ftand, where this will happen: But if yoti 

yourietf 






• See Fig. », Plate LI, 
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ybtirfclf through the Space of 10 Inches back, in a 
Right-line, you will obferve the fame Thing, or tht 
paper wi!l cotitintic unfecn through all that Spacer for 
fo long will the Image (h) of that midiile Paper be pafliiig 
<jver the Pbce where the Nerve (D E) enters the Eye, 
^ while the Itnagcs (a and r) of the two. extreme Papers 
are at a conlidemble Diftancc from that Pointj and there- 
fore conllantJy vifible to either Eye. 

Eupbref. This is a ilr iking Inftance of Contrivance, 
indeed : But pray, what have you farther to obfcrve iti 
Relation to the exterior Parts of the Eye ? 

Ch9n* The Form of the Eye on the poflerior Part 
deftfves your Notice ' it is neither plain, nor fpheric^IIj 
rounds as I have heretofore obfervcd to you that neic^cr 
of thefc Surfaces will admit of a perfect ReprelVntation 
df the Images of Objet^is, portrayed in the Focus of 
fi Glafs : But it is really of that form which the Lawi 
of Optics require fur a perfed DeUneation of the Images 
of Objedls, as well in an oblique, as a dirc<^t Vicw^i 
on the E^cpanfidn of the optic Nerve, or Retina in the 
Eye. 

j Euphr&f* This is a cufious Circumftancc^ moft cer- 
tainly, and i^ very obvious with the flighteft Infpeition, 

1 fee all the back Part of the Eye is opakc^ and the 

fore Parr only ii tranfparent. 

Ckm, This Will convince you of the Truth of that 
which I h^^ often obferved to you^ vi%* that the Eye Is 
nothing more than a mo ft pcrfe<^t Camera Obfiura in. 
Miniature, in which the whole Bufinefs of V ifion i« 
tranfadlcd; for v%hich Purpofe you fee, on the fore 
Fart, a very tranfparent and convex Covering, which. 
h called the CVrwfl, or bsmy Coat of the Eye (LPK^ 
Fig. 3.) 

Euphmf. I think I can fee the Reafon why it is both 
Tranfparent and Convex; for the Traniparency is 
neceffiiry to a free AdmiJEon and Refra<£iiuti of Light, 
and the Convexity of it is neceflary for converging th^ 
Rays of Light to a Fotas, at the Bottom of the Lye, for 

the Formation af Ima;;es there :^ And one Thing 

farther I can hence obicrve, and that is, the proper 
Degree of Convexity in the Eye, which muft ever cor- 
refpond to the Diameter or Bulk of the Eye j fmce the 

Vol. U. Z optic 




338 THE YOUNG GENTLEMAN 

optic Nerve, in the Bottom of the Eye, mull necefliiilf 
be in the Focus of the Convex Cornea^ as you call it 
fiut, pray, how is the Convexity of this Part fupported, 
and confiandy kept up I 

Clean. By a fine limpid Humour, which lies inune- 
diately under it, and, heing in Appearance like WaUf^ 
is called the Atpusui^ or watery Humour of the Eye. 

This you will be immediately fenfible of ; fori 

pierce the Cmua with the Launcet, and you fee it run 

out upon the white Paper. Pray, what do you 

think of it ? 

Eupbrof, Why, truly, it fo much emulates Water, 
in Appearance, that I ihould not have known it bad 
been any other Fluid, if I had not feen how, and from 

whence it came there : ^But, upon letting it out, 

you have quite defaced the beautiful Appearance of the 
Eye i for now the Cornea lofes its Convexity, and fub- 
fides in Wrinkles, which gives a ghaftly Appearance to 
the Eye. 

Cleon. I will foon relieve you from that diiagreeable 

Sight. With thefe anatomical Sciflars, I fever the 

Cornea from the opake Coat called the Sclerotica^ and 
then ycu behold the next Part, which is deffined for the 
Service of Vifion : This, the Anatomifts call the Uvea^ 
(K L) it is, in our Eyes, of a circular Form, and> 
quite opake, and, being of different Colours, it is 

vulgarly called the Iris, In the middle Part 

thereof, you obferve an oblong Perforation, which in 
human Eyes is perfe^ly round, and called the Pupil, 

Eupbrof. The Inftrudions you have already given 
me in Optics, enables me to judge of the Ufe of this 
Part, at firft Sight. The Pupil of the Eye anfwers to 
the Aperture in the obje«St End of a Telcfcopc, which 
mud be of a determinate Size for a proper Degree of 
Light to illuminate the Image in the Bottom of the Eye. 
This Dodlrine you frequently inculcated in your De- 
fcription of optical Inftruments, and particularly the 
Camera Ohfeura, 

Cleon, What you fay is true, in general, in artij(icia^ 

Ootics : But when we confider the natural Structure of 

Part, it will appear very admirable \ for this natuial 

Aperture^ 
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Aperture, or Pupil in ihf Uy^f is capable of various 
Dimenfiom^ by a dwibic Syftem of mufcubr Fibres of 
which it is compofcti, Wx, one on the external Part, 

I ivhich is of* a circular Furm^ ar.d by whofe A^ion the 
Pupil of the Eye is contrattcd : The other Syfteai, on 
the interior Pait, ha* its Fibres difpoied like Ravg KTuing 
ffora the Cciitcr of the Pi:p I, and when 1 take it 

offj they wi!i be very cor4i|>icijaus. -^You fee I 

pafs my Sciflars round, and il is f^-paratfd from the 
interior Coat of the Eye j and now tlic radial S) ftcti 
Okt Fibres appear* 

Euphrcf I fee them very plainly, and cannot but 
wonder at fuch divine Mcchanifin in this fmall and ufuaily 

fuppofed inconfiderabie Part of the Eye:^ That 

when the Lighr of an Obje£t is too glarings we have 
the Faculty by one Syft:en> of Mufcles to contra6t the 
Pupil, and thereby to exclude all ihc oiirnrive and fuper- 

i fluous Light : And on the other Hd|}d, for difhiit and 
obfcure Objc*as which require to be viewed with all tha 
Lij^ht pofTible, wc can, by the A^ion of the radial 
Fibres^ dilate the Pupil, and thereby give Admiflion to a 
greater Quantity ot Light, 

I dim. I have fometimcs beeri curious cnmrgh to 

meafure the Diameter of the Pupil y\\ each Cafe : when 
a Candle has been ht-'ld very neur to the Eye of a Child^ 
I have found the Pupil not much to exceed the {- of an 

' Inch ; but in the Twilight of the Dny 1 hive hunA 
the Diameter oi the Pupil near twice as large^ and 
therefore the Area of that Pupil near 4 times 33 great as 

bctbre : The l/tTi* being removed, you behold 

another Pnrt, in a great Meajurc, refcmWing a Lens 
of Glafs placed juft in the MiddJe of the Eyt: behind the 

HfupiL 

^P EupliTof A very curious Part, indeed ; pr,iy, what do 

^Kpou call it } 

B Clem, It is called, the Cryftalline- humour j for it is. 

His yet, contained in an exceed ing fine tfanfparcnt Capfule, 
called the Jrachmides^ on the upper Surface of which 
you fee a circular Zone of Fibres; thefe, alfo, are in 
Jbrm of Rays iflTuing from the Center^ and are of a black 
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is r=I TCVNG gektlemaX 

Lasr-: '. T"-eT r-r verr confo'cnous ; I froull 

• * ' 

X ir.1^ s iziiw -^ij^: U je, u^ br what Name chrr ae 

7^*ir Ti.i ?a^-c .frcL-sj, or R»ag of maiciifar 
r ';=s. L =^lex. zic "* rrn Zi/^VKSf, as* retianbliii^ 

"r:L E=-.T .7 ac £ -n--. tii : The Uic of this Party 

icirrz -^•^•- = ^e liii.csr Tsajck oT the Cryftalliiie- 
2ir=:--r. i 3 ^n l ztzkct ^kclca to the £iiDe, and at 
iJBK =:::iic. s i^sr :ae Jlr^re or this Humoar in daaie 
Bcii Zc ^ ee> a wZ x hrcxr cvi/icmt when by making 
X T3C Izeiiira .z =i£ Ci^iT.I^, zbe Cnr^aHinc-huniour 
■liiUitniaTE? Uss :u=. W2:c2 I cake on this phsted Paper 
3CX -au. ji^'7 jr: &:^r ine Lexers arc ma^aLfied thro' it, 
s n I rnannai J*^ l<a=. 

I^L-rr,. >ji-3:iie- " =3* A5e:< : In mj Life, 

I jer'sr :vjil.^ isr ^ 2 =:r iJs rosipareac : Itfcms 

1 2i=L^ G,L-ig L*=:s« Zfd sere pcliflied than GlafSt 

J3 .112121. T . -I: 33iT TSTT w^ bc Called the Cn/iaUine 

ranscu.*. I .i.-::. rjr ::c C3.YiTAL can evxr emulate this 

Fin .T -;ji-~ rj C.'iinw.'T- 1 obtenre one Thing 

itr' rrruntL:!^. ird Z2X :,», ihoogh it be apparently, 
zr^ 1 -vj-*- ^^ 7» ^f * frherial Surface on both 
S.k2k^*« tt:, luz cce i* cocnierablT more convex 
rt-r: 1.;; rcr-ir ; rnj, wru: i* the 3^eaning of this 

^.iX. A- :- i ?i.-t!; ^viv^'^ecIyddliaeJ, by Nature, 
r: c-vr.^ izi i^-^:t t::; co.Tiz:cn Refnciion of LighCy 
'II--': i.^""- I'.-' Er-i, :j a propor Focu« on the Rftina at 
r^ 5:cr. r, ix ccr.*.*i Surrices may, in fome Degree, 
ccrr r«:i :-frs:-, i^ :rK- Denbty i»f the Cryftalline- 
r.-^juT - .i ;'jiii. Maitir ^-r.ater than that of the other 
H_r.s:-T.. .-: w'itC-i ii i> wv-naiaied ; and, by the A(^ion 
cr :rv; J..»*7 Lijiinicn:, :he Degree of Convexity in 
each 5-::~iX niiv pof.bly be a very ftnall MattOf altered j 
b*-: R^rj./^^ •, r^jft: thin Experience, directs us in ihefc 

C-" jtctarcs*. However, i* mnft neeefiarily follow, 

trvroi ch^" N^:vire ct a muicular Ligament, that, by its 

Coacraclion And Relaxation, the Pofition of the Cryflalline* 

ir nnnl be fubjcct to Alteration, and this is nccelFary 

Mature of Vifion ; for, when Objects are near t» 

r local Dillancc becomes greater than when they 

:cd aUar off, and therefore the Fibres of this 

2 Ligament, 
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Ligamentj by cohtrading, removes the Cry HaH ine*- 
buinour a fmall Matter farther from the Rftina^ aad 
thereby prociircs a due focal Dillancc for nigh Objed»: 
Buty by their Relaxation^ this Hutnour links lower, 
and /liortens the focal Uiftajrce for thofe ihat arc farther 
off* aad thus the Eye is provided with a Power of 
procuring Vhion for Objects in all Variety of Dif!ancc$, 

Eupbtof, There is no End to the Admiration of the 
Wifdom we obferve in the Works of Nature, and 
the mo ft evident Marks of Dcfign and Contrivance in 
every particular Part.^ But what is that large Quan- 
tity of Humour that fills the whole Body of the Eye^ 
in Appearance like the White of an Eg^f 

Ckm. h is commonly calleti the yitr^msy or Glaffy-^ 
humour: But for what Reafon 1 know not> unlefs for 

that one Quality of Glafs^ its Tmnfparemy. -It is 

in a very large QiJantity, in Rcfpciil of the oihcr two 
Humours, on purpofe to fill out the Body of the Eye^ 
and to render it Globous and Roomy : — For, before f 
take this Humour out of the £yc> i\ is \%'orth your while 
to obferve how very pcrfpicuoutly k i\ii\V:^ ihc optic Nerve 
expanded over all the interior Part of the }Ly\:^ together 
with the Arteries and Veins which enter with ii, and 
are nioft dejicatdy ramified through all its Texture : 

*- ^For the Blood Vcflcis ever accompany the Nerves 

through every Part of the Body j they circulate the 
Fluid of Lift, as the other does that of iinf^thn, 

Euphrof A Phsenomenon cciiialiy curious and wonder^ 
ful : It is impoilible a Jiner Sight Jhould greet the Eye, 
I fee the whole Estp:infion of that noble Organ in its 
natural Polltion, the Idea of which will ever be indelible 
ill my Mind I 

Ck&m 1 (hall fhew* you the fame Thing, by-aiid-by^ 
iiiadifi^rtint View. That curious vifual Membrane \% 
evt-ry where conne^fted with the fore Part of the Eye, 
immediately under the Ciitary Ligament, as you will 
cafily perceive when 1 turn the Eye infidc out, upon the 
Surface of the Water in this GJafs, which fupports ih^ 
defcending Humour, and the Rttina^ till, with the 
Knife, I have fepariUed them both from the anterior 
'art of the inner Membnmc of the Eye, called th^ 
Z 3 Choroida^ 
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ChsnJ.-fes^ w^ .ich lies immediately under ih* htumt, and 
is be.'.utifully coloured in !?uadruptdei. 

E:i*f.rof. I (^ the S^p.aation mamfeftly : 
as your K.nik proceedji, the GkiTy-humour Aibfida 
and becomes invifibk in the Water ^ but the optic Nerve 
remains behind, upon that finc coloured Coat you men- 
tioned. 

OttM. Though the Glafly-humour is not feen in 

the Water, I ftiall take it out upon a Wire, and 

)x>a fee how very large and tranfparent a Subftance it is. 

Enphrtf, Pr.y, of what does this Humour coufift? 
diere Teems lo be a great Quantity of aqueous Matter, as 
I Tee it continually keeps dripping a clear limpid Fluid 
like Water? 

Cjw. It from thence appears to be compofed of a 
Svnrm ci inf.:i!tcly fine Vclfi Is, which conuin and coa- 
tiRiiir.T il;:;:i. the nne Lyirtph you fee ; and fo incon- 
cel**>'v fr.e are thoic Vdiel , that, when they have dif- 
chiTivV i".! !>.£:.' ncucous C«:ntents, tlity fcarcely amount 

to :he V/cic^t of a nngle Grain. But now obferve, I 

pits r.:v K".rV ro-nd the extreme Part of the Chereides^ 
ani ::-.i Ri::^.^^ K;:::^ by ti-.at Mt..r.s feparated, fubfides 
ir:r\ i.-.j £o.U5 upon the Water, 'ti'.l at Length, the 
uhXc b*.\r> :e\cTci, it totally lii.ks ar.d coll :pTe:> into a 

F.xiv -'::'e.: in A;\L.>;r.rr.nrc like tht external Nerve. 

i nvW J'j: 2W.:y sil :hc Co-t oT tht Eye Uom the Nerve, 
cni rS^n i: ap;".a'> m- :l ev-d-.nrly, thji the Rttifia n 

o:::v 1 Ccr.tiruiiu r. .T th* N;::\e. Lilrly, with my 

i^crTilrs I ie.^-:^:c the Rtt.-K*: it ilie Norve, anJ let it fJl 
:-.:o 1 G!af> or' c. if a "1 Wj:j.- ; tnon, \v;:i thi Point of 
t-tr W.rc, I ejtpa."*: .r, and ycu l^c how iiix .in Ap pcjranct 

i\'r. ;! I: is, :-*drc \ bn-cr.J 2!! ExprcrF.on, fine : 

' : v.i"ir]*> ::.'x a ? ^vrj- cf nr.s wh::e Linrn, of 

J. c. '.*.:> l\\; -r, ^::i ;.: r\v;v,cn w.th a great Variety 
o" ':? .xvi-^v: ".">, ::t j. ':<riut :j1 Ri"-.in'raiion, graduj.iiy 
*= . • ". '^i^:.*.; r^ ::r.n :- n^^rtes cT Miniature:— 
> , V .-^t, ..* "> -J. -w.:*:! ?:.-:, riis Or^m, or Scat 
» . ", . . : :- , :s lii .:.il;, r.o: Traniparcnt, but 

^ * 1 V \v ;v • ^ , V r ^: " V i--er J V, arr bo:h : p.d i ffcrent 
'ik- Cj^n. ^'» ^ «i-::, wft.c.T c^r.filts who.Jy in the 

peculiar 
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peculiar A6lion and Modification of the Rays of the 
Light on the Filaments of the optic Nerve :— But its 
. being in fo great Degree Opake, fhews how far fomc 
Men may be carried from the moft evident and obvious 
Truths, to fupport a new Hypothecs which has no 
Foundation either in Nature or Reafon ; but Truth will 
ever confront and prevail over Error, though fupported 
with all the Powers of Rhetoric and Novelty. The 
optic Nerve, which immediately receives the Rays of 
Light, and fuilains their firft and whole Impulfe, will 
ever be acknowledged the natural Organ of Vifion by 
every modeft and judicious Philofopher -, and the Choroides 
muft in vain pretend to rival it in that Honour, to 
which the Rays of Light can have no Admittance thro' 
the Opceous Subftance of the Retina^ and muft be content 
with the more humble Office afligned to it by Nature. 
Thus much for the Defcription of the Natural 
Eye, At our next Interview I fliall entertain you with 
an Account of the Deficiencies in the Stru^ure of 
the Eye, and how they sre redified by the Application 
of Glafies, and illuflrate the whole by an artificial Eye, 



DIALOGUE XIX. 

^/j&f preternaturalCoNFORMATiON of fbeEvE 
/i^ Defects o/* Vision ariftng from thence », 
and the Means of remedying them hy Optic 
Glasses, ^be whole iUuftrated by an arti- 
ficial EyE. 

Cleonicus, 

I Took an Opportunity, very lately, to let you fee 
how accurately every rart in the natural Eye is con- 
trived to anfwer the Purpofes of Vifion ; that no Part 
could be wanting without a Deficiency in the Stru6ture 
and Ufes of that moft noble of all Organs : On the 
other Hand,- it appears that no Part was redundant, or 
Aiperfluou$; And again, with rcfpeft to the Pofition 

Z 4 and 
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and Figure of each Part, that it was altagccher fucfa m 
the Nature of Vifion repaired : Upon the whole, the 
Eye ts ik.turallr of (o julk a Coafbrmatijji that it Aaatk 
in no Need of the Affiftaoce of the Scknoe ot' Optics; 
but in Regard to Tclefcopcs and Arlicrftfcopcs, con^ 
cerxiing which I have vtrj largelj diiconrted id joii 
heretofore. 

Euphrgf, But how, Genuaoy fliall we then vndorftand 
the Reafon of fo many d;:fective Eyes, which we daily 
c^ferve in all Ranks and Degrees of People, from tli^ 
youngefl to the oldeft ; for nothing is mor^; common to 
obferve, than that both Old and Young apply Glafics, 
concave or convex, to their Eyes, to mrnd their natuial 
Sight ? 

CIc'Stt. Your Animadverftcn is founded on a general 
Experience, I allow ; but it mull be confidered, that 
all thofe who ufe the convex Sort of GlaiTes do it in 
the Courfe of Nature; for the Eve, like all other Meirf- 
bers of the Body, is fubje^ to t>ecay, and in our de- 
clining Years requires Afliftance equal with tvery ocbef 
Part, and confequently, this can be reckoned no preterm 
natural Afi'eclion of the Eye: But with regard to young 
People, if they are obliged to ufe GlaiTes, it is from a 
real preternatural Conformation of the Eye i in themi 
the Eye is of 4 Figure too coiivex for making a perfect 
Image of Obje£ls on the Retina in the Bottom of the 
Ey^ ; but if we confider how very few there arc of this 
Clafs, compared with the Bulk of Mankind, we miid 
reckon them only particular Exceptions to Nature's per- 
U£k and Handy-work. 

Euphrof. I have ajfo heard of another Reafon for the 
Ufc of concave Glaflbs, viz. that becaufe fomc People 
in higher Life have been obliged, from a natural 
NecefTity, to ufe them, others in lower Spheres (whofe 
corporeal Eyes flood in much Icfs Need of mcndine 
than thofe of their Mind) thought it became them to 
imitate their Superiors in this Refpe£t j and {o the 
Application of Concaves became improved into a Fa* 
(hion. 

Ckon, People arc not only exceflively fond of being 
in the Fafhion, in fetting ofl the real fieauties and Ex* 

*' ncies of their Pcrfons with ail the Extravaganct 

imaginsble. 
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p 



AND LADY't PHILOSOPHY, s^f 

iniaginabtC} in regard to drcHing^ painting, ^c. l*yi 
they am io prepoiterous, as even to bknrnfh and ecltpje 
their outural PerfcfUons to gratily this abturd P^jffiori ^ 
wjtnefs, in your So* the Pauhes^ (which st firft ta'cic 
wnly defigned to hide Pimples) and m ours, the ;iKedcd 
Practice o\ Myspfm^ or the Applic:ition cif Concavcj$ 
wh€ic none aie wiiating, and where thrv muft dn harm* 
Bkphrof ^^^y '^ l"t^ a FerlaD who ufes a Concav? 
c;l-cd z jklpps^ 

Cki/n, 1 he Word My ops is of G?'/cjt Etymolog^^, and 
ffgfijilcs, in phnx Englijhy Mmp-cyed^ bccJiufc a Moufc 
has a %cry rouiiil Lye, or the Whole of it is almcjfl m 
Spherule, or finall Globe, as you may eafily fatisfy 
yourfelf when you fee that Animal in a Trap, or which 
is (acLLily tht- Lime Thing, you fee fuch an Eye t^vcry 
Day HI the boutiful little Squirrel you keep, 

kaphrtf. You have ftttsficd me in that Particular.^— 
By the InftrudHons you h^ve h-^rctoforc given m€^ I be* 
lieve, I am able to fee the Nature of this Deficiency la 
fhe Eye, which you call My^^plfm^ for it is, if I ini0ake 
^oi| an Eye with too ftiorr a focal DiHancc, occafioneil 
by too great a Degree oi Convexity in the dnua^ or 
anterior Part of the Eye* 

CUm, That is the very Cafe, my Euphr(^fyni ; and 
that you may the better fee arid compare an Ejt of a 
|uft Conformation with the iwo Sons that are not fo, I 
have provided three Diagrams, to ihew their different 
StruiSluresrelpe^Stively* Inuneof thefc (Fig* 3, Plate LI.) 
an Objedt UB is pbced at a proper reading Diihinc? 
before the Eye, whole Cornrj K P L, the Piif#it 0, and 
Cryflallinc Humout ST, with every other Part, arc of 
a juft Conformation to make the Image I M'pcrtect on 
the optic N*^rve at the Bottoai of the hy^^ 

EupkYsf^ 7 his IS alt very evident in the Figure, where 
the focal Difiance of the Eye is juR cquai to its Diame- 
ter ; But what is the proper rtading Diltancc C P, at 

which the Objc<5t D B is to be held for viewing it in the 
bell MaiTpci * 

Citmi When wc want to read, or view a Thing la 
the mofi perfect Manner, Nature, without our Attention, 
iiretchcs otii the Hand to about 14 or 16 Inches, accord- 
ing to the Difference of Eyes^ which Is leldtun more 

or 
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or lefs ; and therefore, by Experience, that is confimied 
to be the Diflance for viewing Objei^s with the natural 
Eye. — But if the Corma happens not to have this natural 
Degree of Convex it)', as in the other Diagram (Fig. 4.) 
which you here fee, where KPL, the Comeaj has a 
greater Degree of Convexity than what is juft, the Rays 
which come from any Point C, in an Obje£^ at the 
Diflance C P as before, will here be united, and repreient 
that Point C, (hort of the Retina ^ and fo ail other 
points in the Obje£t O B, and confequently the Image 
thereof, will be formed and reprefented at I M, fome 

Diilance from the Bottom of the Eye. As this is 

the Cafe, we find a near-fighted Perfon obliged to hoI4 
the Object much nearer to his Eye, viz, at O B, in order 
to lengthen the focal Diflance, and make the Rays reach 
the Bottom of the Eye before they unite ; and as they, 
in that Cafe, reprcfcnt the Image perfc^ on the Retina at 
imy they procure diftind Viiion of the Obje^ in that 
near Diftancc^P. 

Eupbraf. As the Mpps has it in his Power to itBifj 
this natural Dcfcjfl of Vifion for any Obje^^s near him^ 
or fuch as he holds in his Hand, by leflening the Diftance 
between the Objcti;! and the Eye, till the focal Diibince 
is thereby adjuftcd upon the Retina : So a concave Glafs 

cannot be ncrcfiary on that Account. It muft 

therefore be only for viewing remote Objedls, where the 
Diitance is u.'iaiterablc, at leafl cannot be diminifhedfo 
much as is neceiTary for a juft Prolongation of the Focus 
of the Eye, and where, of courfe, a concave Glafs 
muft be applied to perform that Office. 

CUon, You feem to have very juft Ideas of this 
Matter ; for the concave Glafs E K being applied before 
the Eye, diverges every Pencil of Rays ^ C i> in fuch 
Manner as to make them fall upon the Pupil 5, as if they 
came from the Point f at a much Icfs Diftancc from the 
Glafs E F ; and when the Concavity of this GUfs is 
fuch as the near-fightcd Eye rcqi:ires, then will the 
Image im be duly formed on the Retinuy of the diftanC 
ObjeaOB. 

Ettphrof. This I apprehend very clearly, and, with 
Regard to a Myops^ I obfti ve, that any Objtrct O ^ 
appears Icf:^ tj him, as Oi^, and alfo at much UL-aicr 
^^ Diftancc 
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— Hence like- 



Diftance thaa to a well formciJ 'Eyt,*— 
wife it mttil follow^ tliat as there may be various Degrees 
of Convexity in the Eye beyond that which is juil, fa 
there muO: b^ a great Variety of concave GlalTes need'- 
iarjjy cyfrefpQndifig therctOj and to be ufcd as Remedies 
for the faaic» 

CUgh, After the -fame Manner you will underhand, 
by the third Diagram, {Fig. 5,) that for Prtfdyt*s (which 
U a Gnek Wtird for eldiriy PtQ^^k) i\\^ Ccrnta K P L has 
too fniall a Degree ot Convexity to converge a Pei>cil of 
R^ys a Q if coming from a Point C (in any Object OB 
at the natural reading Distance (;is; in Fig. 3. J to ilfi 
proper focal pii'tance at the Bottom of the Eyej but 
ihcy will proceed to a poiiu beyond the Eye, where, if 
tliey were not intercepted, thty would form the Image 
(i m). Now though fuch a long-fighttrd Pcrfon might 
remove a Booki vr other Ohjciit, to luch a Dirc^ijice 
from tlie Eye* that he fhali b^ atle, by that Me^nS, to 
ihorten the focal Diftance of the Rays, and read without 
a Glafs-j yet this would be attended with great Incon- 
venience, in general, and the reading at fo great a Di- 
ftauce would-be aukw^ird sind unfightly, as well as un- 
natuml ; Therefore, by applying the convex Glafs G H, 
the ;\f trcfaid Pencil of Rays (^ Q h) is made to fall Irfs 
diverging upon the Eye, or as if they came from the 
Obj<;£i O^ at a greater DiHance. By this Means, that 
Pencil of Rays is duly converged to a Focus at the 
Bottom of the EyCf and thus all other Points in the 
Object OB will be reprefcnted in the Image IM on the 
Rttina^ and thereby produce dsftinfl Vifion. 

Muphrof. Ail this too i cr.nnot but apprehend, a^ you 
have partly cxj-jL^incd it to me in * former Conference :^— 
Ami alfoj from the Figure, it is eafy to infer, that, |o a 
Fritfyf&, ObjeiSIs appear through (jlsfies magnified, pnd 
at greater Diftancc, joft the Reverie ro the Cafe of the 

MyGps, -You hiiVe now kd m^c ihnmghxh^ RatknaU 

of thofc we cdl ocular Ghflls, both Concave ;md 
Convex, that are ufed for ic^flifying Vifjon in general. 
Have you any Thing farther to rbferve, with reipe^t to 
the Manner of applying ihtra to the £ye with the greatcft 
Advantage I ' 
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CuoML Ys ; rscrc irc two Things which, by tin 
Ijrs IT C7CC5, -1CT nticaai Mzn muft think him^ 
3imc=i ^^ ifiKTJe a=id conform to : The firft is, tbtt 
3EI 3sn^ Ly^st he afiBirtcd upon the Eje than what is 
c'i^x3=K risr Objed, (hew it diftinaij, 
lew IT X LL^cieir F^eli of View : But, on this^ 
I isTc jEracT q. ;^jr "j*-^ to you, which oreds no farther 

-ia^«i-w-. I rsssesiber Tcry well what voa faid to me 
jz r£=r 5ad«tti2, £zxf aa thoroughly convinced of the 
3l aiir» -t" :c : 3at wtit is the ftxood Particular to be 
jci^rrei jt fteUJeot thefe Glafics ? 

j;;flat Tur is^std Hiisg nece^ry in tbe Applicadon 
.JT «» G'-fe is, Alt thcT are ib placed before the 
Etc, mc ae Aaa ct each Glafe may coincide with the 
JtjEis^jf :w E7«* tad be therefore dtrecled to, and united 
in ac CTitai aac we view : This muft be obferved very 
±-=^£7^ wTCii regard to Convex Glaflcs, as by them 
wc f'cw aear OS*- ^s; b«t it has little to do with Con- 
csrc?^ » =« 0*?r-cb aeca by them are generally remote,' 
joct jgg ij iv: ae "kxTcr, in dia Refpeft, almoft infenfible : 
ght as tfrrs Matser caznoc well be explained, without 
a -arre Cetrpcr-riate, I mu& rrtir you to a Trcatifc lately 
jubiiied cc this Subv^a, where you will find ampl^ 
i^rcrirjtioit crcom cl^ th 5, and all other ufefol Pre- 
cxiticirs z :i< Ue of Visual Glasses, and their 
I>~rKce r-ciTs tie ibt-ird and injurious Strudlure of 

F^^^iil B'zz i"^r alK you promifcd to illuftnitc 
tv-s A^LT S- 3_' jrzzjL-ljI Eyi, which I take to be this 
m^-^ GW>: of BriiV en a Pcdefhd, with a Gla6 before 
i-^ Sr*J vd Prar, what is the Struclurc and Similarity 
Uiwcfi th:s and thi' natural Eye ? 

Crf«v. If gr^it Art and Expeacc were employed, there 
»Tiighi be a vcrv conlldcrablc Likcnefs produced between 
the" Stn;>ftu:e 01 the natural and artificial Eye, fo far that 
in every Part they fhould each of them hayc nearly the 

fame Appearance : But without regard to the 8ize 

and 



♦ See Dialogue XVII, p. 317, 518. 

I See the JfpfnJix to my Phihfifbin BrUsMwcu^ id Editioiu 
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tnd Form of the conftitucnt Pitrts^ a grot Similarity 
tnny be produced in the Elicits of one and the other ; 
and this is iMt^cicnt for our Purpofc, as, by Means of 
this artificiiil Eye, in a very fimplc Structure, we can 
eafily reprciVnt or illuftrate the three different Cafes of 
natufal Eyes before- men tinned j and for this Purpofc 
only four Glafles are ncceflary, three of which are Con- 
vex ones, and finely poliHied, included fev^eraJJy in proper 
Cells or Rlnis^ »m to be fcrewed into the fame Hole on 
the Fore-part of the arcificial Eye. The Fourth is a 
plain Gliifs, ground on one Side wi.h Kne Emery to take 
off the Folifli, and thereby to render it, as it were, Scmi- 
tranfparent, 

Eiiphrof, By your very Defer! ption of this laft Giafs^ 
I fuppofc it muft rcprcfent the Rstina in the naturaJ Eyc^ 
which} 1 remember, you ilicwed mc was neither Opake 
nor Tranfparent, but between both* 

Clmn* I obferved to you at the fame Time, that thit 
Quality, or Degree of Tranfparency in the Riiina^ did 
not appear to be nccdfary to Vifion ; but in the artificial 
Eye it really is fo, bccaufc^ were this Glafs wholiy Opake, 
or Tranfparent, it could not anfwcr the Purpofe; as in 
one Cafe^ no Image of an Object could be feen upon it ; 
and in the other, though the Image might perfci^ly ap- 
pear, yet its Locality, or particular Place, could not be 
ib well dettrmined : But being thus half Tranfparent, 
will nicely Ihew the J mage ^ and the Pkic whcit it h 
formed at the fanje Time, 

£uphr$f I anderftand you perfefUy well \ but I ob^ 
ferve this Glafs is plain ^ and has not the true Figure of 
the hinder Part of the Eye. 

Ckm* That Figure would not be eafdy imiutcd by 
Art, as it is neither plain nor fpherieal ^ Nature takes a 
perfe^ Method in all her Operations : Art can only 
imitate by Approximation, but a plain Glafs will anfwec 
our prefent and particular Defign, 

Euphref The three Glafl'es which are icrewed on m 
the Fore- part of this Bra fs Eye are, I pre fume, defjgncd 
to form the Images of Objedts on this arcificiaJ Rahia^ 
or Glafs, behind ; and, becaufc you have three it\ Num- 
ber, I fuppofe one is to reprefcnt the C^nfc of a well-for. 
med Eye, and the other two the deficient Onet of the 
Mppi and Pnjhyta f 
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Chn. T\\:± h thi2 vcrj' Thing;, my Euphrofyn:^ a 

I will now Ihcw you by afi Experiment, The 

Dfunr^tcr of tlvL^ .irtjficial E/e, you obfcrve, is trn^ 

Inches: Th,n 1 jcrew on the Gtafs (N*^. i,) 

whole focal DilLinrc is juft 2 Inches; -Then I 

take the artJficij) Eye, and ftanding at the Diftance of 
about J 2 or 15 Feet from the Window, and holdin^- th« 
artifici-ii Eyc^ ilirci^ly before my own Eye, I fee the Imj^ 
of the Window very diftinsSly formed upon the groumi 
Glafs.— — Now, take the Eye in your own H nd, ^d 
Itanding at tlic fame Dillancc^ you wiJl obferv* the him 
Thing. 

Euphrsf, Thitt I do perfe£Hy; and a very curious 

Experiment it is :^ The Window appears in all 

nTpt^'c"t5 like the PitSlurc of Objects in a Camera Obfcura^ 
mnfl natural] J bright, vivid^ and every Way the fame, 
I pre funic, ai it would appear on the Retina of ti^e 
Natural V.yQy if it was poffibJe to be there feen* 

Chan. Sie it you may in the natural Eye, in fba* 
Mcalnre ; and, ns I know you are very cunous in tbefe 
Matters 1 have prepared fuch an Eye on Purpofc to 
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Eaphrof, Then I will take one of the Eyes in cwie 
Hand, and the other in the other, and, if yau pleafe, 

firft apply the Convex; In each Eye the Image 

dif^ppcsrs, at leaft its Appearance Is very coufufcd, * 

Now apply the Concave^ that I may lee the Kfi'ttil of 

that ;— ^It is very much the fame as before, na 

Beauty or Diftindtnefs of the Image any lc>n;>er up- 
pears, and confequentJy no Perfaftk>n of Vifion in the 

natural Eye. Hence it appears, however ufcful 

thofc Glallbs may be on fomc Occalion$, yet, when the 
Eye has it^ due Eorm or Frgure^ they can never be ufcd 

wrthout prejudicing the Sight, Plealc now to fhcw 

me the Experiment of the Myspu 

Ckm* For this Purpofe I muft fcrcw on the GUIa 
(N^*. 2,) whofc focal Dtilaiice is only one Inch an J 
A Half, arifing from its greater Degree of Convexitj% 
In this Rcfpe^ it wiil reprefcnt the Cnm-a of a fliort- 
lighteJ Eye, a^ well as in its Effc<^ of forniim'; the Image 
Oiort of the Reihm, and, confequently, it mull appear 

very iniperfeft upon the Glafs behinti : hold it up 

againft the Window, and fee the Confcquencc of fuch a 
convex Glafs. 

Euphrof, I do: It very pUinly :»pp(?ars, that na 

Imige of the Window, or any other Ohjoitt r.t a Diibnce^ 
can have its Image fbrmcd in ny Degree <.t Dulin^^^ncft 

on the glahy Retma of this Lye. ^Now, pleafe to put 

fecfore it the concave Glafs, fur a Remedy* 

Ck$n, I v/ilh ^It U now jufl before the ani- 

£ciat Ccram^ and, by caujlng the Rays to |^-> Icfs cqo- 
vcrgingi thev proceed to the ground Glafs before they 
unite in a l*ocut, and there make the Image .13 perfect 
as before. 

Bttphf^f I veiy plainly perceive it; but I obferv^ 
at the fame Time, that the Image of tlic Window it 
not fo targe as before, which gives the Rcafon why iliori- 
fighted People fee all Ohjciils of lef^ apparent Magnitude 
than other People do^ a 'i'hing I rcmtmhcr you formerly 
obferved to me, ^ You will next favour me with an 
Experiment of a long-%btied Eye, which requiics 4 
Convex Glaft, 

C/ftfir* in order to tkis, I fhall put i>^ (he Glafs 

(N*. 5.) where the focal Diftance it two liKhei and an 

I Ha^V 
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M;i!r» which, as it cxcccJs the Diameter of ihc 
the Image wiil nectfiarily be feen very lmpmU3t\ 

the Gl^ls behind ; -Bui when I appfy 2 Coi 

Gbfs between tht Eye and the Window, you 
then fee, by tHk iiddiLional Convexity^ that tlic 
will be made to cojiv^crgc to a Focutij on iLc 
Ritlmr^ and there reprcfcnt the Imii^c of the Wn 

pertV<^t. Take it in your Hand, and try the 

peri m en t* 

Eflphr&f I will firft hoJd lip the Eye witbout 

Vifual-Glafs:-- There is not the Iea!t Ap|>eannic«l_ 

Any dtdiri^f Image: One may juft fee it is a Wimloff, 

aiid that IS all.- Plcafc to apply the Convoc. \ 

flow fee the Image <t>f the Window rcftor^d to its perfect 
Tomi, but much larger ihaii in either of iJtc foregooio 
Cafts : — — -By this Experiment I am alfo fattaSed oi 
the Reafon why thcrfe who ufe Vifual-glafics mtiil rnseeS^ 
riiy fee aJI Objects larger rban they appear to the naked 
ilye well tormeJl : And fince this is the Cafc^ bow does 
It come to paf?, Chonitus^ that we do not hear ffiort- 
lighted People fpcak of feeing Things fmallcr, or tU 
People of feeing them larger, than others who ufe 09 
GlalTes at all f 

Ckan. There is no fuch Thing in Nature «i s 
Standard of real Magnitude, but only of that which it 
apparent ; an Inch, or Foot, or Yard, h as mach * 
Standard-mcafure to a My^.pi or Pnfipa^ as «> a Per^ 
who views it without a Glaf;> : And fince to each ^ttfoa 
every Thing appears din:iiniflied or magnified in the iasie 
Proportion, chey muft neccfTarily aJl of them have tbe 
r-ime Ideas of apparent Magnitude, as the Scale of Cooi* 
pari fort is flill the fame iji all ; for Things are only great 
©r fmall, by Comparifon made in the iaxne Scale, or by 

the fame Standard, ►There is only one Thiflg now 

which remains to be confirmed by an EKperimcnt, ani 
that is, to fticw how much more diilinfl the Image of 
any given Obje^ft is formed by a Glafs of a proper Aper- 
ture, than by another of an exorbitant Si^e : For In* 
fkncc, that which you have feen in the Eye of twa 
Inches Focus is only J of an Inch in Diameter: I wUl 
now put on another Glafs which is twice as much^ m 
one Inch and an Half in Diameter ; it is of the (mm 

foctl 
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)cal Diiiance, and will form the Image of the Objeft 

en the Glafi as before, bu't ^ith four Times the Qjiantity 
of Light I on which Account, the Diftin£tncls of the 
Image will he greatly impaired i ind, confequcntly, che 
Perfedion of Vilion which depends upon it, as you will 
obferve by the Expcrinicnt, is dc/lroyed. 

Euphrof, This is a very plain Cafe ; -The Image 

i$ now quite fufFufed, or overwhelmed, as it were, with 
Light; and far from being ft> difliri£l and perfect as it 
Was before : By which I am thoroughly convinced what 
Judgment and Care 15 ijcceflary for giving f^ch Apertures 
to optical Inftruments as are necellary for their due Fer- 
fc<5tiQnj and, particular]/, \\ow abfurd it muft be td 
covet a large Spcclade-glr-fss when one of a fmaller 
Size will fp much better aiHft the Sight, — -But I fuppofr, 
by this Time, I have fufKcienUy tired you with fuch a 
tedious Series of Speculations in Optics :- — -It will be 
a Relief and Pleafure to you, as well as wc^ to change 
the Subjcd, and make a Trandtton to fome other Obje^ 
of natural Science, that may afford another kind oT Enter* 
tainmcnt» What caiiyou think of, CUsnicuSj that will 
offer litfelfinoft proper for that Purpofe I ^ 

, Ckm^ tVhy truly, my Eufhrsfyne^ we have dwelt 
long on the Science of Optics, and yet have not exhiiuflcd 
the Subje£l ; but, as my Defign is to give not a criitcal, 
but curfory View of general Topics, ffhall now diredt 
your Thoughts to another important Branch of Khow- 
icdge, which is the Di^Bitnf If Ssmds, and give you 
an Idea, foTjr as 1 am able, of the wonderfol Mechanifm 
and Structure of the Ear, which is that Organ that 
tenders them perceptible to the Mind, and which, I 
prefume, you will find a Sulyc^l not n uch inferior, in 
Point of Curiofity and mental ImprovemcnCj to that 
of the Organ of Sight. 
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DIALOGUE XX. 

Onibe gmeralfi AT V KB andCAusn of Souicoi 

FROM the Science of Optics we now proc«4 t& 
that which 15 called Acoustics^ which crests d 
the Philofophy, or Do£lrineof Soujids, and ofrbcCcQ- 
{Itcutton of the Organ of Hearing, placed iti the Eai, 
hj which thofe Sounds are rendered audible, or fcnfibk 
to us, under all their diiFerent Affc<aiona axid Circum- 
ftances. 

Euphraf This Suhjed muft neccdarily afford me wry 
ufeful, very inftru£tiire and entertaining Lemons; for* « 
the Suhjeft is that of Sound, I naturally conclude, tiur 
the Science of Muftc will make a coniidcrable Part «f 
our Speculations, as it confifls wholly of an artltil Mo- 
dulation and Modification of dlSercnt Kinds of Notes, or 
Sounds* 

Clem. Music is undoubtedly the efleittial and moft 
refined Part of the Philofophy of Sounds | an agreeable 
Scene in Optics, or Perfpe£\ive, docs not more delight 
the Eye and regale the Mind, than a CompoH'/ 
harmonious Sounds delights and pleafes the Ojt i . 
Hearing, and, perhaps, of all our Senfations z** TKii 
does more immediately affcilboth the paih^u^: and ritff W 
Part of the human Syftem; and hence it is^ we fe 
Mankind in general fo fond of mufical Sounds, u it 
affe£is them with the moft agreeable and raviftiing Stff- 
rations : But what inclines me raoft, at prefcnt, lo U- 
courfe to you on this Subjed is, the exqui/ite Tafb id 
Rclifh you have for the Pleafure of this Science In c^cf 
Refpc^t, and confequently a Rmhnak of thofe l-^*'- 
ment^, with which you fo frequently ddight ) 
and Acquaintance, will be very grateful to you, 

Euphr$f. Nothing can prove more fo j and I remcmba 
you formerly hinted to me, when you treated of Air ta 
general, and fliewed the Experiments on the Air*p«jmpi 
that the' Nature of Sounds depended intircly upon a cer- 
tain Motion of the Particles of Air, and that by one 
particular Experiment of the Bell it was fhcwii, ciin 

wkft 
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when the Air was exhnufled, or taken awsy^ no Sound 
fium the Bell could be heard. It is this Motion of Air 
therefore, J prcfunie, anxl its various Effc^b, that you 
now propofe a farther ExpJanatlon of. 

Ckm. This is more immcdiatdy the Obje^ of our 
prefent Difquifition 3 But as I have formerly told VOUp 
there is a two- fold Motion in the Air* which ouoht to 
be fcparately confidertd to have a difti^cl Notion of 
Cither J the fir ft regards a Motion of the whole Body of 
the AtTFiofpherc, or any Part thereof froni one Place to 
another i but the fecond refpe£ts the Motion of the Par- 
ticles of Air in tliemfclves fimply confidercd, and is not 
ib much a iacai Ahtion^ from one Place to anotherj as a 
pulfive or vibratbig Motion, which carries the Particles 
forward luid backward, through the very iamc Space, 
Do you think you apprehend me in this Dii^icK^ion, oiy 
EupbrQfyne ? 

EuphrGj. I btlieve I do, Chmkus, — By the firft 
Motion oi the Atr^ I conceive a great Quantity of it is 
carried from one Part of the GJobc to another, after the 
Manner we ufually call Wind, as you formerly ex-' 
plained to me, when you treated of the general Nature of 

the Air and Winds.- But the fccond Motion of the 

Air^ or that rather which refpci3s the Motion of the 
Psuticles of Air in themfelvea confidered^ I cannot fay 
I have fo clear an Idea of 5 but apprehend it muft refult 
&om, or depend upon that Power which you convinced 
me exifted between the Particles of Air, which keeps them 
all at an equal Di fiance from each other, and is that which 
you called the Sprinzt or Ehjhcity of the Air* 

CUon* You recoire<£t very well, my Euphrofym % it is 

By Means of this Power that, when any one Particle is by 

any Caufe urged forward, it muil neceflarily propel the 

Particle next before it ; this fecond Particle, in the fjme 

Manner, moves the third) and the third, the fourth} 

and fo fucccinvely : Bj this Means a Motion is pro- 

I duced, and propagated in the fevcral Particles of Air, 

through a certain Space in a Dire<5tion fcirward ; but 

then, on the other Hand, when the Force which was 

fiHt impreft upon the elaftic Particle of Air is remitted, 

I Cf ceafcs to a^t, the Particles return aeain, by the A£lton 

I of this dailic Force, throygh the (ame Space* And, 
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^aftly, if this Force be repeated, at ftated Intervals, on 
^hefe elaftic Particles, there muft necei&rily be prcxluced 
in them a, mutual vibratory Motion of each Particle^ 
fo long as the repercuflive Force continues to ad : And it 
is this Motion of the Particles of Air that is the Caufe of 
Sound in general. 

Eupbrof. Indeed, CUonieus^ this is fuch a nice Spe* 
culation that, without a more circumfhintial and plenary 
Explanation, I fear I (hall fcarcely be able to zfit fucn 
clear and adequate Ideas, as I could wiih, of the^&ure of 
Sound : But, I fuppofe you can render it more ^ile by 
Experiments, or fome Illuilrations of that Kind ? 

CUon, I can aflure you, my Eupbrefyniy there is no 
one Part of natural Philofophy more intricate and difRcalt 
to explain, than the Nature and Adion of an elaftic 
Fluid. This was experienced and acknowledged by 
Sir Ifaac Newton himfelf ; and wc find, by his Commen- 
tators On his Princifiay that it was in treating of this 
Subjed only, that they apprehended this great Man 
capable of a Miftake : But it will not follow from hence, 
that, becaufe fome Parts are exceeding . difficulty we 
fhould not contemplate and improve our Minds with the 
Study- of thofe which are' more eafy and ufefiil ; and 
therefore, to facilitate your Apprehenfionof what relates 
to the Do£lrine of Sounds, I fhall confider, in the firft 
Place, the Nature of thofe Forces, and the Manner in 
which they a^Sl on the elaftic Medium of Air, by which 
that peculiar Motion is ecnerated which proves the Cauie 

of Sound Secondly, the general Properties of the 

Pulfes of Air, and the Manner ill which they are pro- 
pagated, Thirdly, the artificial Modulation of 

Sounds, both inilrumcntal and vocal, fo as to render 

them harmonious and mufical to the Ear. Fourthly, 

the Organs funiKhed by Nature for forming and varioudy 
modulating animal Notes, or Voice.—- Fifthly, the par- 
ticular ConilrutSVioii of the Organ of Hearing, placed 
in the Cavity of the Ear, for raifmg in the Mind the 
Scnfatlon of oound. 

Euphrof. Thcfc fccm to be very curious and important 
Topics, and it will give me great Pleafure to hear you 
explain and expatiate upon them : Pleafe, therefore, to 
begin with the firft of them, in which you fignifj the 
Oiiginal Caufc of Sound conf&its. j 
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Cimn. The firft Thing to be confidcrcd in the general 
Idea of Sound is^ the percuffive Force, or Stroke, whxh 
is m»dc upon the fonoious Bodjs whoft- Parts arc thereby 
put into Motion, and this Motion is to be underllood 
to be th;»t which is produced by elaftic Pans^ or Pajtidcs, 
of which iuch Bodies confift ; for without fuch an el^jllic 
Difpofition of Parts they could not by ajiy Menus be 
rendered ibnorous, or capable of emitting Sounds, becaufa 
the Stroke, being made externally, affeds the Particles 
of fuch a Body but with one fmgle A<5t ; the Particles 
of the Body could therefore, in fuch a Cafe, be moved 
through a certain fmzl! Space, and would there ^op by 
the Refiftance of the Parts beyond ; and without an 
elaftic Force the Particles would remain at reft, afcr the 
pcrcuticnt Body is removed ; and therefore, from one 
ilngk Stroke, the Parts of Bodies unelaftjc could emit but 
one Gngle Sound, as they can affect the Air but by on* 
fingle and unrepeated Adtioii : In fuch Cafes we ufually 
iky, W4 hear the Strekiy and that is all, as when we fit ike 
with a Hammer on a Piece of Lead, and other foft ^nA 

unfounding Subitanccs : But when weconfider the 

Struke imprcded on Bodies, whofc Parts arc in any 



confiderablc Degree elaftic, they not only yield to thd 
Stroke and go forward through a fmall Space, but, afte# 
the ftriking Body is removed, thofc elaftic Parts, by thtit 
renitent ForcCi return again with a Velocity equal to that 
by which they were difplaced: And thus a Motion being 
produced of a vibratory Nature will continue a fcnfibk 
Time, and produccfucceiTive ImpuHcson the contiguous 
Airt and the Air being thus agitated by the elaitic Par- 
ticles of the Body, tranfmits its Pulfcs fuccellively to the 
Ear, and there prpdyce^ a Sejifation of Sound of fome 
Duration : And thefcare what we properly call foporous, 

pr founding Bodies.r Thus, a fine wire String being 

ilraiijed with a Weight, or otlierwifc, becomes claAk^ 
and if it be properly ftruck with a Quill, it will emit a 
Note, or Sound, which will continue audible a con- 
fiderable Time after the Stroke* — 
or Glafs, be Uruck in a proper 



^Alfo, if a Bellj 

Manner, they will 
emit Sounds of confiderable Duration i for which Rca- 
fon they become the htieil Iniiruments fgr muficai Mot 
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A,i'.i 'i. Thefe Things I am well affarcd of fraoi 
c. tr\. Diiv*' ^ \prrifncci ^^^ there U one Thing I ofe* 
kivi* ill li L» AtLOiJiit vow have given, which fcciat m 
n II 'i ■ li'/* ^VMrd Ssunil of a complex Signification, or as 
(I " ivu.. I'tii [^f'nerd IJea Cfimpofed of an infinite Sum- 
Ki ''^ t\m;i!e Sounds, fa quick repeated as to be :^) 
itnit^J in One; Koi, by what you (^y^ I coUc£t, thataf 
c:ich Return of the vibrating Particles of the Body, a 
nt-w Motitiu U irnprcfled up^n the claftic Particles of 
Air, nnd, confcqucntly, that the Pulfcs of Air will fuc- 
cccd each other at Intervals of Time equal to dioie in 
vhich the V I Ij rating Motion of the Parts of fuch Bodit^ 
are per for mid : But as thofc Intervals, or Moments of 
Time arc fo exceeding /Hort^ as to be altogether mfrti- 
fiblc, the dilliinSt Succeflion of the Pulfes of the Air 
muR be fo tcio, and confequently they altogether coniH- 
tutc but ou^ [Ttneral, or compound Sound* Is not dijf 
the CaH', Clnmnne 

Ciion, It is, my Etifihrs/vng, and as accarately u I 

could have cxprciled it mylelf. The Cafe here it 

much th^ i'liTTS' as in OftJcs: A Beam of Li^ht, conrtA" 
ing oi Rny;^ inliuitdy different in Refrangibility, will 
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Operations of Nature. ^Tt is the fame tn regard to aJl 

our other Senfes : Our Smell confifts of an infinite Num- 
ber of particular Senfations raifcd by the Action of innu- 
merable E^uvia on the Organ of that Scnfe ; And the 
like may be faid of the Senfation ofTqfti^ from faponfc 
Parti cks, 

Etiphrcf. As this is the Cafe, how comes it to pafs 
that our Ideas of thofc very complicated Sen fat ions ihould 
yet be fo very diftin^ and perfect as they are ? 

Chan, Your Qy eft ion is venr apr&pss^ my Euphr&fpn^ 
and I mufl anfweryou in the Diule£t of the Muflciam, that 
the particular Sounds excited by the claflk Particles are 
all Unifons, or of the fame Note, and therefore can 
make all together but one Sound to the Ear, or rather^ 

Sound of but one Note, An inconceivable Number of 

fmall Drops of Water put together form only one larger, 
or coile^fiive Drop, which, in every Refpetl, refembles 

each one of the fmalleft ; So the A^lion of an 

infinite Number of Particles, being all of the fame Tenor, 
excite only a general, or colJeJtive Idea of the fame 
Aclion on the Organ of Smell or Tafte : But this is an 
Affair which requires not fo much Prolixity of Kxplanation 
to my Euphr&fym, 

Euphrof, Indeed t I think you have given me a veiy 
clear Account of the firft Operation of Nature in the 

Production of Sound, The fectmd Thing you 

propofed, I make no doubt* will prove equally fatisfae- 
tory, to the Explication of which I fhall be equally 
attentive, 

Clesn, The Properties of thePulfes of Air, in which 
the immediate Caufe of Sound confdh, I cannot better 
jHuftratc than by making, in fomc Degree, a Comparifon 
betwixt them and the Waves of Water, 35 well in 
Things wherein they difagrce m^ thofc wherein they agree, 
and they will mutuiilly help to explain each other; the 

Principal of which arc as follow : — If a Stone falls 

on the Surface of Water, by its Weight, or Force, 
it will ftrike and defccnd into it; But the Dcfcent being 
fudden, or momentary, gives no Time for the Particles 
of Watat to move Sideways to make room for the Stone^ 
but are forced to rife jnftantjy, a$ it were, upwards above 
the common Levci; and being raifcd up, ihcy defccnd 

A a 4 again t 
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again, by Virtue of their Weight, juft as far below the 
Surfdce: In doing which, they muft diive a Part of 
the Water beyond them into a higher Situation, and fo 
produce a ifecond Wave : This, again, upon its Defcent, 
caufes'a third Elevation, or Wave of the Water next 
beyond it : And this, in defcending, a Fourth, and fo 
on, till at Length thev reach the Bank, or Shore, upon' 

which they break and vaniih. And here it is very 

remarkable, that the Generation of Waves in Water 
being produced by the Power of Gravity, their Motion 
will be analogous to that of a Pendulum, which is 

produced by the fame Caufe. The larger the Body 

IS which defcends in the Water, the larger and more 
rapid will be the Motion of the VVaves ; and it is found 
both from Reafon and Experience, that if a Pendulum 
be of a Length juft equal to the Width of the Wave,. 
their Motions will both coincide, or be performed in 
the fame Time. 

Euphrof, Now let me fee, Cleonicus, before you go 
farther, if I can illuflrate to myfelf this Matter by an 
Example. I have heard you fay oftentimes, that if thd 
Length of a Pendulum be 39 xV Inches, its Vibrations 
will be performed in a Second of Time j from whence 
I infer, that if a Stone falls upon the Water that ihall 
produce Waves at the Diftance of 39 tb Inches from 
each other, then they will move through that Space, or 
fucceed each other in a Second of Time. 

Cleon, You completely underftand this Affair, I fee : 

Therefore I fhall next obfcrve that the Pulfes of 

Air and Waves of Water difagree in their Ciufc, fincc 
the one is owing to Elafliciry, and the other to Gravity ; 
but this, notwithdandiii ., they both agree with the 
Pendulum in the Nature of their Motion, as they arc 

all of the vibratory Kind. Another Thing in which 

the aqueous Waves diftcr from aereal Pulfes is, that the 
former are of a circular P'orm, as gcneratcJ on the plain 
Surface of the Fluid j but the others are necefl'arily of a 
fphcrical Form, as they are produced in the Body of an 
elaftic Fluid. 

Euphrof This, on the Surface of the Water, is 
evident to Scnfc; the Waves are there concentric Circles : 
And ijx the Body of Air I find no Difficulty in appre- 
hending 
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gentling they muft be of si fphcrlcal Form ; for as the 
Motion begins from the founding Body, it muft be 
communicated to, or equally imprefied on all Parts^ 
which therefore mult generate Pulfcs of Air, difFufing 
ihcmfelves equalJy every where in a fphericitl Form» 
Chm. You are, Indeed, very hjvpp , , my Euphrejyne, 

In your Genius for phyfical Speculations: !n 

Confequence of this Property of the Pulics of Water 
and Air, we may eafily obfcrve another, which rerpC45t5 
the Degree of Strength in each Pulfe, or Wave, as the 
Force of the tirft Wiivc is fpent in generating the Second; 
and that fccond Wave being 3 Circle at -i greater Diitancc 
than the FiHt, will occafion a much grtater <^antny of 
W:iter to be put into Motion, confequently, tr<c Forc«i 
in any particular Part of the fecond Wave will be as 
much leik than it wus in a like Part of the firft Wave as 
the Qwantity of M,itter was greater* ;. /. the Force in 
the fccond Wave is to that of the firft Wave^ as the 
Circumference of the FItI^ 15 to that of the Second ; 
or the Forces dccreafe as the Waves incrcafc in Circum- 
ference, or M their Diilance from the Center is greater. 

But with refpe^t to the Waves, or Puife3 of 

Air, the Cafe is different i for thefc btring of a fpherical 
Form, the Force in each muft necellariJy dccreafe iji 
Proportion as tlie fphcrical Superficies, or the aereal 
Pulfes increafc, which, as the Geometers demonftralc, 
is in Proportion to the Square of the piflaoce from the 
Center, 

Muphrof T h a t J s , 1 f F u n d erft a n tl yo u rt ght , Chmkus^ 
the Force in the fccond Wave of Water is but half as 
great as the Firft, and the third Wave is t Times weaker, 
and fo on; but in regard to the Pulfcs of Atr, the Fojcc 
of the Second will be 4 Times Icfs th,m th.it tn the 
Firft, and in the Third, ic will be 9 Times iefs; in 

the Fourth, 16 Times iefs, and (b on.— But one 

would think, as the Pulfes of Air dccreafe fo faft, they 
could not have that very ;^eat Effedt upon th^ Drum 
of the Ear, or produce fo loud a Sound as they gene- 
rally do, 

' CUnn, Our Organs arc fo conftruclcd as to have the 
ftrongefl Ideas excited by the fmalleft A s^ifin of natural 
^odics upon them. How inhniidy fmall are the Acliona 

lot 
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H « Uchi CO die optic Nerve in the 
WW cram mad glomus are the Idas which 
la ifa ^fjaoer, we percerre haw very 
^«^ ™**_MM«f of the Air will he, 1^ a 
'TiH^er. «%k& 3 fcfficicntly andibk to a good 
x** « irTBc vas^ssale 3oces prodiiccd from a ibandiiv 
2Ct:iii!j. ^ ^bcT IK zvar. 

±merjT I rsvnsiT oUerre the Tilings joa Ipeak of 
met WfflMsr anc Acaintion. — ^And another Thing I 
«|ieriv wK ftShm- Bvm whxtjou have fiidof the fpheri- 
" ?xi}ei sF A^ jen she is, that the Sound <^ a Body 
"" 15t %e iiEJsd eo cftrr Side, and be caualir 




kBamSj froni the Manner in 
s Toc rlghdr obfenre ; and I 
fttsd imv-- ML. A« if tfce Waro on rite Surface of 
TW*i.-c~ JT rtitrmti? ^ aaj Obdacle, zs fuppole a large 
p'ar > -n- 1 Bmj ^ aor Pirt, tfce Motion of the 
'ir;-;^;^ ^- rre- irrTr ?r r^ Kc>, vris\ be propagated 
::Trn^r^ - ^^ ^- — '^J^^ > --^ ^"U begin to fprezd 
rTernt 2? jtc* i r>r:=.V_r>-2:; bec^ufe the Mofion, 
ii-Ar*ic:r; rr i.~r ?;— r*" x r ".:':, > ixprcfied every Way 
*ri^-*'* ^* rrerr^rr: pr^ ihe K--!?, the Agitation of 
tte >Vrrr- -v- rr.vi>;»i - i circjLr Form as well as 

•o- r^r Tx - rV * » r jr ;-r?c«c?c it It is in the 

"ttiTTc W^r.T^:r r*^ rrr- i.'^ rc^rn.ri bv rhe Sides of an 
^"rs^^re. i-i, irr:r ^irir-- p^irf^d b Tond it, begin 
J? i: -?*..: r:>rr\L r> ttvr c>t-"i- Fcrms behind it. This 
'«M T^ cc' r- . rv iz r]\r^:T:c.-:t c\Tn in a Veffcl of 

£:r''.''->r I !i2^' rr-fi- rr^'J with Experiments of 
A^ 3w -Tv: i: r*T I. - '.r^. — I lurpoeyou conclude from 
tor-or. r^^: r>f r.'c< « Ar tx", after they proceed 
:**.>, ^'i H.:^\5^ ::=?- O.-^rricIc:? rex; nd ^b^^ut their Surfaces, 
:- liL^ Mi:i=cr i -^-."c tbuz'ci.cs, ar.J proceed every 
Win z ^ :ViKrc£ rrrrr. 

vUv^. TVt cr-Ti rJr do t'y ; and front thence it it 
tNj: w« *nc\ it a G^is be nred on one Side of a Hill, a 
Fir^'^^i: plio:u ir.r when: en rhe other Side will be very 
icnii^Ic of it. B«t as the Wa.e* of Air in this Cafe muft 
Oke a much Ix'^er Circuit to reach the Ear, the Sound 
tft» o£ Courier be weaker, than where chcxt is no 

fuci 
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fach Obftacle^ and it arrives m its {bortefl Courfc and 
with iti full Force, 

Eupbr^f. You have tnilanced fome Particulars wherein 
there is a confiderablc Refemblaiice between the Effects 
of Optics and Acouftics, in the Formation of the Images 
of Objects, and Sounds in ilriktng Bodies ; buc pray, 
Ckmkus^ is there any Conformity in the Manner tn 
which Light and Sound are propagated ? The Rcafon of 
my afiting is, chat 1 have read ami heard moU on that 
Subject, than I was ever able to comprehend, 

Ciesn, l^hat you may very eafily do, my Euphrofjne : 
When People undertake to explain Things by an Bypo- 
thefis not founded on the plaincft DiiSlates of Reafon, 
and unftJp|K»rted by the moft indubitable Experiments, 
it is no Wonder if we hear them fay a great deal which 
muft be necellarily un intelligible to every Body, Such 
is the Cafe when we are told of a fukle Medium^ by the 
Undulation of whofe elaftic Pans, the Particles of 
Light are put into a vibrating Motion, (like the Parti cle« 
of Air wc have been fpeaking of) and therefore the 
various Senfations of* Vifion arc occafioned by thefe 
iuctjjc Ptiijh of the fubtle Medium, in the fame Manner 
as Sounds are pmduced by thofc of common Air> ' 
But if this was the Cafe, you will eafily apprehend that. 
all the other Properties of Motion, produced in an claflic 
fluid Medium, mud necefTarily be allowed : One of 
which is J that fuch a pulfivc Motion of Light being 
excited, its Undulations will be continued every Way 
equally, and, confi:qucnlly, ifi their Paflage through 
Holes, and by the Sides of Obftaclcs, they will (like 
thofc of elaitic ALr) expand thcmfelvts into all the bor- 
dering Spaces round about, and even behind thofe Ob- 
flacles, and fo, of Courfe, would fill all the PartR 
behind fuch Obitacle with Light : But this wc find is 
contrary to all Experience ; the Rays of Light, inter- 
cepted by any Sort of Obftacle, leaving the Spaces wholly 
dark behind, and thofe dark Spaces, or Shadows as wc 
ufually call them, arc always fuch as are terminated 
by Right-lines drawn frDm the extreme Part of the 
radiant Objedl, and that which intercepts its Light* 

The Motion of Light, therefore, is undoubtedly 

propagated in Right- Imc Dircdiont Qnly^ from z 

pulfivf 
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JWJiye Force \t originally receives in lU proper Fcmnn 
^c Sun, which renders the Doctrine of a fubtil 

laataral and abfurd^ in refpcd to the Prop^t^* 
,ight. 

Euplrr&f 1 am thoroughly convijiccd^ hf what 

Lvc faidy that Light cannot be propagated In the ' 
ler Sounds are; for, if that were the Cafe, they 
^end round the Sides of the E^rtb, and majtc us 

:r|)etual Day : — An Eclipfc of the Moon unwM 

K a I'hing impoiTible in Nature^ and we Ihould 
lavc known or b^Vif k^ f^e i^aft ideas ai a Fi 
>f ufcful Stars,^ It apprars to me, tbr 



1^ 

IS ooP^ 



'hifj^^s in L}fe may be perverted into a h 



m 



[ffvzmg Diitjutation, by '^ Set of People who Icctn to 
mve nointelicduJ Optica, fmcc even the very Do^bioe 
>f Shadows klelt raufl, one would think, have beamed 
m their Mmds the Light of Truth.^BuE to re(iim: 
Vay, what are the next remarkable Properti^ of 
rciptfl to Sounds f 

Cltmi* The next Property of tbefe aereal Pul/ei 
^|bat they are fubjc^fc to a Rtfleftion from any fi]ied f^lm 
Objbcle, from the fame Caufc with that of the ~ 
lies of Light ; for the Panicles both of Light ajid Air,' 
>Ud Bodies^ will be equally reflt£led by the Rc- 
f the Particles of any fixed Obje<5t on which 
trike ; and this Refleciion of the aereal Particles 
iccefTariiy produce Agitations, or Vibrations in tW 
^Icdium, which proceed every Way equally m Form ol^ 
iherical Shdls, as before, and this rcpercuAivc 
the fonorous Air will produce a fccafid Sou 
rather an Image of the FirlV, if one may fo 
id this Repetition of the Sound is what you 

fo often amuicd with under the Name of an Echo. 
Ettphraf In all this 1 undcritajid you very well, m 
there is no more DiiEculty in conceiving the Relatioo 
^thcrc h between the Sound and its Echo» thiin 
:twccn the 01^jc*fl and its Im;?ge by reflected 
—But a CiTcumftancc in whjch they differ is thl 
that, with regard to Light, the Angle of RefleiJtioti, 
"ic Eyc^ muft be equal to that of Incidence^ that t! 
Image may apptar : But, let me ftand where 1 
hca^* the Echo, though not cijually pL^ and 



rormof 
3u hai^f^ 
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I have often taken Notice, when I have been 
, walking 111 the Fields, at a Diftance from the Town^ 
that this Reflection of Soiind has been extremefy fcnfiWe 
in a Variety of Eehos^ frdm every confidcrablc Sound 
which has had Force enough to ftnke againft the Side 
of our Church, fdr producing fuch a Repercufiion^ or 
Ref^e^ion : Thus, the Report of a G«n is aJwayi 
hear<J tw^ke; and it wns not long fince I obferved n Man 
rkaving of Wood at about a Q^iarter of a Mile Diftanc* 
from th"c Church, and every Stroke upon the Wedgo waa 
refounded, or cchoetl from the Side of the Church In (o 
diftfncl z Manner as afforded nie no fma!! Amufemetit 
during the Time of Obfcrvation : But ^nc Thing I 
took particular Notiee of, which was, that the Echo 
did not Cuccced immediately to the Sound of the Stroke, 
but after an Interval of Time fo confiderable, that I 
could not help taking particular Notice of, and reflect- 
ing fome Time on the Caufe, or Reafon thereof, which, 
at Length, I concluded muft be, the temporary ant! 
progrcffive Motion of Sound 1 By which Means, the 
i*tme which the Particles of Air employ in this dittdt 
progreffive Motion of their Vibrations from the Man to 
the Church, tnd from thence to the Ear,* is fuch ai 
makes the Echo at fuch a fenfiWe Diftance of Time from 
the Sound itfelf. 

Ckm. Thefe Echos oftentimes afford a pTeafant Amufe- 
ment to the Curious, cfpecially where and when j^3U 
find fuch Surfaces which are called thtphtmcantptic Plants 
that {hall refle<5l the Particles of Air with the gr^td! 
Regularity and Perfe^on : For, in the Wflttngs of 
Natural lifts, you will oftentimes find fuch Hiftorie^ of 
Echos as are very fnrprizmg, and almofi incfcdibJe^ 
fuch, for Tnilance, as will repeat not only Sylkhlcs, but 
even Words, di0ir£tly, and fcmetrmcf ib many of 
them as really to make the Echo fpeak * from whence 
thefe Echos are called polyfh^^ut^ UuhUgttal^ or prattling, 
£cho9, which oftentimes afford 2 plci^fant rnd ludicrous 
Theme as well to the Pcet us the Philofo'^her, as you 
may fee in Btjhf's Jr( if P^e/^, and other Compofitions 
of that Kind, under the Word £chs. 

Eiiphr$f Then, 1 fuppofe, this very Phiieflomf iion of 
a talkative Echo will have another Inftancc of Rcfem* 

blancc 
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Mance to that of refletacd Light, viz,, thst whereas the 
Image is fecn in the Direction of chc rtjlected Raj, stid 
CQnfequQiitly \n or bcblnd the Glafs, joJl fa, I imagine^ 
the Voice of the Man who i^ Ipeaking muA, in the 
Echo, be heard as coming from the Piaric ; aiid there- 
fore the Man himftif ^iid his rnimic Echo muft be bcarj 
from two diftajit PJaces j for thus it is, 1 know, b/ 
Experience, in aJl the fuigle Echos I have heard. 

Cimu In this you are perfecliy right : And» to any 
the Comparifon ftiU farther in regard to die Rel!e£ljon of 
Light and Air, it is to be obfervcd, that as the Imaigi 
by Reflection froEn a pJain Surface 15 nearly as A^roa^ 
?ivid, aiid perfcd as the Objctt feen by dincifl Rays^ fo, 
in the Repetition of Sound, the Echo diftrs but vtry 
little from the original Sound, unlcfs the Diltaiw^ be 
great j and ftill nearer wouid it approach thereto if ii» 
phonocamptlcj or relieving Plain for Sound^ was poliibdi 
as perf€<5lly as that for the Refic^ion of Light. And I 
can aflurc you, my EuphrQ/yne^ were I pofiHTed of that 
enormous Wciihh as many Perfons arc, J would nuke 
it my Bufinefs to find the beit Situation of a FJajw for 
reverberating Sounds, and then would dket^ly fucc the 
whole with Stone or Marble of a curious polilbcd Surfacei 
on Purpofc that it might be found, by Experience, what 
Perfection this Part of Acoujiks which relates to Echoi 
ja capable of. — — Ag^in \ as a poHfticd Plain mitbcr 
magmli^ nor dimtniibcs an Objedt, fo neither caji Jt 
increafe or diminiih the Jntenfity of Sound : But as 
GlaiTes may be Bttcd fo as to magnify and dimini^ the 
Appearance of Objefts, fo likewifc arc InftniiidefaCs 
to be formed for magnifying or dimintXhf ng Sounds^ 
when there is Occaiton for it, which jioc very mrd^ 
happens, 

Eufhnf Such Inftrumcnts, I fuppofc you meaiii 
Cle&mcus, as are csillcd/pfaiifig and haring Trumpits i 
the former of which magnifies the Souiid of the Vokc, 
and thereby occaSons it to be heard at very great Di dances : 
For which Purpofc, I know, they ire ot very great Ufc 
at Sea, in tranfmitting the Voice in an audible Manner 
from one Ship to another, which would otherwiJ4; bo 
impoiEblc to be heard. The latter, I obfcrvc, at« efed 
by People who nrc very deaf, in order to magiitfy 
Sounds upon the Organ of Hearing, 
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Ckm. It is very true, my Euphrafyne ; the Speaking- 
trtiinpet is analogous to a magnifying Glaf^, or SpccuIyiHj 
in Optics, which makes the Image of an Objeil bigger 
than the Objcd ilfclf ^ fo the Speaking-trumpets are ton- 
Hiudcd in luch a Maimer, as to magnify the Sound of 
the Voice ; for the Force of the Voice, naturally, is 
fpcnt upon all the ciicu mam blent Airj whereas, hj 
Meajvs of the Trumpet, the whole Force of the Voice is 
niade to a£l upon that Quantity of Air only which is con- 
tained in the Tube of the Trumpet, by which Means 
that fmall Parcel of Air will be put into a much greater 
Motion^ and have its Vibrations excited and rendered 
much ftronger than they could otherwife be at a given 
Diftancc from the Mouth. Thus, for Inilajicc, at the 
Diftance of the End of the Trumpet, the whole Farce 
of the Voice agitates the Air only contained in the Area 
of the faid Trumpet's Aperture: Whereas, without 
the Trumpet, that Force is tliffy fed into a whole fphcncai 
SuperBcies, whofe Diameter u twice the Length of the 
Trumpet, which Superficies may be 4.00 Tmies greater 
than the Aperture of the Trumpet; and therefore the 
Intcnfity, or Scxength of the Voice, v/ill be fo maiiy 
Times increafed, or roagnihed by the Trumiiket, Htncc, 
by Means of fuch a Spettking- trumpet, Pe^pk at a Pi- 
ii:ance can hear us to the fame Advantage as they can fee 
us by the U fe of a Telcfcope. 

Euphnf, After the fame Manner, then, I preftimt, 
a Perfon who is hard of iicajing^has this Organ, or Sinfe, 
aififtcd by a Trumpet of nearly the faxne Form ; fur 4s 
the Vibrations of the Air are too weak to produce aii 
audible Sound on fuch an Ear diftindly, therefore a 
Trumpet, being applied to the Ear, receives the languui 
Pulfes of Air, and, by a conftant RepcrcuiBon avA 
Agitation of che Air in tlie Tube, heightens and increafes 
its Force in Proportion a^ the Space becomes Icfs, or the 
Tube 13 narrower, tlTl it rci«:hes the Drum of the Ear^ 
where it becomes fo great as to render the original Sound 
of the Voice diftin<^t and audible to that deafened Organ. 
This EiFcct, 1 apprehend, is fimilar to that of 
vifual Glafles to a deficient, or long iighted Hy^^ So 
that, by the Ailiilance of Art, both the Organs of 
Sight and Hearing may, when deficient by Age, receive 

confiderable 
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^onfiderable Improvements^ and, as it wcrc^ a Rcnd^ 
to the End of Life. 

• Clf^n, Before M^c ledve this Subject of magnt 
Sounds, 1 muft put you in mind of the Whifpering*!^ 
cry in St, PnuV^^ which gave you fo much Surprt: 
nd Entertainment when j^ou was laft at Lmdsn : Y< 
[then heard a Voice fo loud and diftrnd as if the P( 
within the Diftance of a few Feet ; whereas, 
really at the other Side of the GaHcry, aitd 
^o ice emitted in Whifpcr fo low as not to have 
card by you near him, had it been cxprclTed in a K 
f a common Form. But this fmall Force of tbe Voter ^ 
eing imprdled upon the Air contained in the Room, ot 
pace above that Galk-ry, was greatly increafcd, by 
onftant Refledlion and Reciprocation ffdm the fphcri 
Surface of the fa id Dome^ and became as it M^rc 
ength converged and condcnfed ort the Drum of 
Eafj whichj though at the Diflanceof the whole I>ia 
fer of the Dome, are rendered fufficiently ftronfi- 

cite the Idea of every Word that is fpoke. o 

f:er all, it nnifl he cDnfefTtdj that few of our acmi 

filers feem to underftand the Caufe of this Ph* 
Don, and to explain it with that Clcarnefs and _ 
faction, as Opticians do with refpe£t to the Microfco 
for magnifying the fmalleft Objcih, or rendering th 
very diftin6t to the Eye,-— ^ — I fliall mention only one 
Inftance more, in which there is a Similarity betwec 
'Light and Sound, viz, in regard to Velocity ; but tn thi 
though the Velocity of Sound be exceeding great, yet 
bears fcarce any Proportion to the Velocity of Light 
for the latter cannot be rendered fenfible, or mcafurcd by 
any common Experiment* However, by fomc Ob fa 
vat ions of the new and improved AlVonomy, th^ Veloci 
of Light is found to be about 12 Millions of Miles 
Minute : Whereas, the Velocity of Sound is found, 
unexceptionable Experiments, nut to exceed 1 1^2 F 
per Second : And hence it is, that wc find a confidcfal 
Time intervenes between feeing lhcA£tionj the Stroke, 
or Explofion of a Gun, and hearing the Sound thcreof^^ 
Wa. fo many Seconds as the Number H42 Feet is con^H 
taincd in the DiAancc between us and the Obj^^ ^a^^ 
tmiis the Sound. 



1 




AND LADY'S PHILOSOPHY. 369 

Eufhrof, If this be the Cafc» it muft be eafy to mea- 
fure the Diftance of an UbJ€^ by meafuring that Interval 
of Time, which, I luppolc, yoti can very readily do by 
Penduiums. 

Ck&n* Yes, very eafily, my Euphr^/yne; and for that 
Purpofe I hiive here provided you a baif-fec&nd Pindulum j 
for by that alone you may very iieariy mtiirure the DiXVance 
of a Cloud, at any Ttme, when it Thunders and Lightens ; 
For Ii)ftance» the next Thunder- ft orm, you hang up 
the Pendulum on a Pin, and hold the Bob in your Hand 
ready to let jt go upon feeing the Flaih ; then, telling 
the Number of Vibrations which are made between that, 
and hearing the Clap of ThunJer, you have meafurcd 
that Intervai of Time in Half-fecondsj half that Num* 
ber is the Numher of whole Seconds, which the Sound 
takes up in conjng from the Cloud to the Ear, to each of 
which you allow 1 142 Feet, and, cojifequently, you there- 
by know the Diftance of the Cloud in Feet to i great De- 
gree of Exa^nefs, and which, indeed^ cannot be found fo 
truly in any other Way. 

Euphrof 1 am obliged to you for this little Inrtrument, 
and ihali put it in Ufe, according to your Dkcdion, the 
firft Opportunity that offers . 



DIALOGUE XXI, 



0/ /j&^ PftOPiRTiES ^/ Sound, wiib r^Jpeil ia 
Music, w HARMOhry, 

Clisnuui, 

WE have hitherto confidered the Properties of 
Sound which rcfult from the Manner in which 
they are generated and propagated; and as Sound confii^s 
wholly in the vibrating Motion of the Air, it waa natural 
to obferve, that the different Forces by which thofc 
Pulfes ilrike the Drum of the Ear, will raife thofe Ideas 
in the Mind which are expreflcd in the various Degre<^s 
o( Jir^fjg and weal: Sounds, or otherwife diftinguiOiud by 
Uud and I&w j for in Proportion as the Forc« is greater 
Vol; 11. Bb '00 
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oa the Mcmbmic of die Exr^ fo die Soond will evet be 
ftrooger or louder, and vice verjk. 

Emphnf, This I can Tery eafilj underftand : 
But what are diofe Affcdioos of Sounds which you 
call their ATtter, orTotfi, with their Tarions Diftindions, 
as I find them in my mufical Books I Something of dits 
Kind I Ihould be glad to underfiand, as I (hould be then 
£ud to join a little Theory widi mj Pradice. 

Clim. Yon muft not, my Eupbnfymi^ exped madi 

to excel in both : It b a Thing rardly^ever known, 

that a PerfoQ was cocnplcady (killed in the Tbeoryof 
Mufic, and, at die lame Time, a great Ph)ficienc in 
Pradice. I am very well infonned, that Havdel him^ 
ME knew but very Hide of the Philoibphy of Mufic, at 

leaft the madiemadcal Part thereof. ^What you 

enquire afcer now, are the firft Principles of natural 
Mufic, and they are extremely ealy and fenfible to what 
we may properly call an barmmuc Ear ; but to odien, 
they have but very litde Diftindion, or Meaning: Such 
People hear Talk of the SeviU natural NaUs of Mapc^ 
as a blind Man may of the feven difllerent Colours of 
Light \ for in neither Cafe can any dilHnd IdcK be for- 
m^ of the Objeds : But an Ear like yours, natundiy 
formed for hearing Sounds, will readily apprehend what 
is meant by their Tone, or Tune, with all their Diffid- 
ences and Gradations. You will then, in the firft Place, 
confider, that the human Mind is naturally difpofed to 
be pleaied and delighted with feme particular Modifications 
of Sounds above others : Thus the Sound of a String, 
properly flrained and ftnick with a Quill, is generally 
very agreeable to every Ear ; but thofe who have a mufical 
Ear will find the Tone of that String, when put in 
, Motion by the Air, flill much finer and more exquifitely 
pleafing, as you yourfelf may be thoroughly convinced of 
by the Experiment of the Molus*s Harp. But other 
Sounds are emitted from Bodies, which are as difagreeable 
and uneafy to the Ear ; as in the Cafe ^ whetting a 
Saw, ^r. where we are to obferve, that all the Degrees 
from the mofl grating to the mofb pleafing SouimI arrirc 
principally from the Ivlanncr, in which the fame Body i$ 
ftruck, or put into Motion : The finer and more dclicstc 
the Touch, the more delightful and excjuifitc the Note 

d)at 
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that etifucs, as wc* by Experience, find in the Fialin^ 

the Sp'm^t^ the L^r ichor d^ the Dukimsry and the M^Man 

Harp: r— Alfo, if a GUCs be pioperly ftruck with 

a Wire, it will emit a pleaf^mt Suund \ but if it be 
artfully touched with a Finger a Jfll!e wet, the Sound 
will be flill much finer and noie agreeable j fiom all 
which we may coJk£t, that aJl w« n^can by the NottSj 
or Tcne^ of Sound, is fuch a Mudilkation ihcreof as 
lenders thmi more or lefs agreeable to the Ear. 

Euphrof, I believe I underftand you in all that you 
have faid, and^ therefore^ fuppofe (hat ihcfe Sounds^ 
emitted from Bodies, which are moil agre^aWe and 
pleafmg to the Mind, are fuch a^ you call hmmmkal 
$mndiy or mufical NqUs^ and of which the Muucians 
fcrvc thcmfcWes in their variotisCompofition^. — But what 
IS that you call CmiQtd^ or Dijhrd^ in Sounds ? 

dim* By Csnardy is meant the plcafing Agreement of 
any two or more Sounds, or Note^ 1 and by Difc&rd^ of 
Courfe, we mean the difagret!ab!e EfFedt of two or more 
SouikIs, upon the Ear, following each other in Succef- 
fion; For the Mind of Man is alfo naturally formed to 
receive Pleafure from a certain SucceilSon of Sounds, or 
fuch as follow each other at proper IniervaJs j and for this 
Reafon they are called, the mujkat Inf en/ah ofSsundi: But 
when Notes, or Sounds, fuccced in a different Manner, 
and at other Intervals, then they become inharmonious 
and dtfagrecable* And it now remains, that I Oiew you 
what Kind of Intervals of Sound^ in Succeflion, are of a 
mufical Nature, and on what Principles they depend,—* 
The cafieft Method for this Purpofe will be, that of a 
String properly ftrained on a Board, on whofc Vibrations 
each Tone will be found to depend : Accord ingly^ I 
have here provided you with feveral of thofe Strings, of 
different Sizes, Length, and Degrees of Tenfion ; for 
ypu muft obferve, that according to the Time in which 
a String vibrates, its Note will vary with refpe£l to high 
or low, or what the Muficians call Grime and Acuity 
For Inflance j the Wire you fee here, being ftrained 
pretty tight, emits a Sound when 1 tirike it with a 
Quill, which is confiderablyftrongj high, or acute : 
But now I will relax it a little, and then, ftriking \u - 
you readily obferve the Difference there is in the Notei, 
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vizn that U is now much lower, or more grave as 
cdJl it i and this Variation^ with refpe^ to grave and acutt 
depends, as 1 faid, oti the different Time of ^e V ibratu 
of the String j for you muft know, that the VjbratJoi 
of a String are analogous to ihofc of a Pendu! urn, 
are all performed in equal Times, while the String coi 
tinucs in the fame Circumflances : But the Times of tl 
Vibration of the String will be varied ac cording to i\ 
Sizfi Ltngth^ or Tenjkn^ Thus for IJluftration, fuppol 
two Strings of equal Lengths, and ftretched with cqi 
Weights, but the Quantity of Matter in one ji 
double that of the other, then the Time of one Vibi 
tiora of the largeft will be juit double to the Time 
a Vibration of the Lefler, ^nd the Nau or T#ak wil 
te twice as /ffw, or more grave^ in the firft than m 
the laA. 

Euphnf This I readily apprehend, from the Ex- 
periment % for ftriking the two Strings fucceifivdy, I 
£nd that which has the leafl Diameter has a Note or Tone 
^higher than the other, by what \% called an OSavei 
But now I have mentioned that Term, I Cho Jd be 
glad if you would give me fome hint of the Etymology 
of it. 

C/ftfff, By the Word Oilavi^ the Muficiana denote 
fuch an Interval in the Tone of mtilical Soundi ss 
contain all the fevcn natural Notes of Mufic» aa they 
are called, and which are employed as die Materia] a 
of all harmonical Compofttions : And the fcvera] 
Inter\'a]s of ihefe Notes, you know, arc included be- 
twecn the two Extremes of the FtrJI and the Eigkk^ 
which whole Interval of mufical Notes if ihcrefore 
Called an OiJavi, 

Euphrd^ The praAical Part of your Do<5trinc 1 know 
very wicll ; for on my Harpftchord, when T Arike the 
Key C, it is what my MafVcr has taught me to call the 
Ch&rd^ or Key Ncti^ in reference to which others above 
and below have difFerent Denominations, according u 
they are higher or lower. Thm the fix foliowmg Note* 
above D, K, F, G, A, B, and thofc below the Chri 
ire of the fame Name in a contrary Pofition ; lb that 
what is called an Ofiavt^ I 6nd, is the Extent of thefc 
ievcn Notes, taken cither Way, upon the Key* of the 
Harpficboni i and as the Strings belong[ng to thofc 
2 diffcraiC 
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difFcrent Keys have different Notes or Sounds, I prefuijie 
you will next explain to me the Reafon why thcle are 
m^de choice of, h\ Preference to any other which arc 
contained in the fame Interval ^ or Oifave. 

Clmn. 1 ihall give you the Reafon of that by-and-by s 
but I muft now proceed with the Raihmk of the grand 
Interval or O^ave ^ for, as I told you, this Interval in 
the Sound of Bodies is procured in Strings three dift'erent 
Ways J the flrft of which is^ the Experiment under 
Confideratlon : You fee, by this, the Notes are in Pro- 
portion to the Quantity of Matter inverfely, fci that a 
String twice as big as another wilt have a Note twice aa 

low, all Things elfe being equal : But *the fame 

Difference in the Tone or Sound of Strings {that arc 
among themfclves of equal Weight and Length) is pro- 
cured from a different Degree of Tension ; for if two 
equal String be placed near each other^ as you fee here 
on this mufical Boards (or Tmsmeter^ as it may be called) 
and then ftretched with equal Weights at the Endj there 
will be no Difference in their Tone.— For Inibnce, 
you fee, I hang a Pound Weight to cach^ now ftrike 
them with your Qyii!, 

Euphrof. I do,- and find the Tone or Tune of 

each String exa^ly the fame, or Um/m. But now» 

pray, bow much Weight muft you add to one of them 
to make the Difference, or 0£iaviy as before ? 

CUm, Here you mufV know, the Mathematicians 
have found by the Rules of their analytic Art, that the 
Tones or Tunes of Strings are higher in Proportion to the 
Square Roots of the Weights, or Forces by which 

ithey are flretched ; fo that if I would raife the Notes 
Vf one of thefe Strings, an O^avt above the other, or 
► to make It found a Note twice as high, or more acute, 
Hhen it muft be ftretched with a four Pound Weight 
! (becaufe twice two is four)^ and this you fee will be 
"verified by Experiment; for to the one Pound which 
•now gives it a Tone equal to the other, 1 will add three 
^ Pounds moiCj— ^whick I have dpae : Now ftrikc them 
^as before, 
' Euphr^f, Well, this is a very curious Experiment 
truly I The Difference in their Tone is accurately 

an d^avt. From this Expcrimeiit I fee the Reafon 
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of tuning the Harpfichord, by ftretching their String 
more, or lefs, to raife their Notes higher, 6r lower, 
by turning the iron Pegs with my Hammer till I have 
produced the Note defired ; for as the Tone of a 
String depends on the Degree of its Tenjwt^ the manner 
in which we ftretch the String will make no Alteration^ 

But, according to this Dodlrine, by hanging 

on different Weights to the fame String, you could 
produce all the difterent Notes contained in the O^faw. 

CUon, Yes, with Eafe; for Weights adjufted and 
determined by the above Rule, being appended at the 
Ends of ieven equal Strings, will produce you an Oilavi 
of the fevcn natural Notes of Mufic. Thus for In- 
ftance : If eight equal Strings arc ftretched by Weights 
which arc in Proportion to the following Numbers, 
which may be confidered as Ounces, vj'r. 6o, 75, 94, 
106, 135, 166, 210, 24c, then will their Notes or 
Tones be thofe required, for conftituting a muftcal 

O^ave. But there is yet another, or third Method, 

by which the fame Difference is produced in the Sounds 
of Strings, and that is, the Difference of their LENGTHS; 
for two Strings, in all other Refpe^ts equal, having their 
Lengths as 2 to i , will have their Notes invetfely, or u 
I to 2, that is, the Note of the fhorteft String -will be 

twice as high as that of the longeft. This I have likc- 

wiie provided you an Experiment to prove ; for of the two 
Strings which before were ftrctchcd with equal Weights, 
viz. a Pound each, one of them ftill continues the 
fame J but the other I have made of half the Length, 
by putting a Bridge under the middle Point of the String, 
to ftop the Vibiations, or confine them to half the 
Length : and now, though the Strings arc ftretched 
with equal Weight, and are of equal Magnitude, yet, 
upon ftriking them, you will find they emit very different 
Sounds. — -Try the Experiment. 

Euphrcf, I will : And as in the two former 

Cafes, fo in this, there refults the Difference of an 
O^fovi prcciftly in their Sounds. ■ Since this is the 

Cafe, J readily conceive that all the natural Notes of 
the OSiy.ve may be produced by proper Lengths of Strings 
bftwecn thcfc two, vihich Lengths, I fuppofe, are n^t 
difficult to be aligned by the mathematical Mufician, 





AND LADY'S PHILOSOPHY. 375 

C/f0»« Nothing is more cafy; for which Purpofe, 
It is cuftoroary to divide the Length of the longc ft String 
into 100, or 1000 equal Parts, which, jou 4'ee, is here 
done upon the Board, QiT^mmetir: This Line fo divided 
is called the MoriocHOftD, or Bafi-NaU to the reft of 
the Oiiave^ or the Key, with Regaird to any particuJar 
Air or Species of Mufic* - - Now, by the Rules of 

mufical Arithmitk and Gismiiry^ the Numbers, or Di v j fiona 
of this Line, are eafily affigned for giving the Lengths of 
the Strings to found the {^kq^h Notes above the Bafs ; 
and by placing the Bridge againil thofe Numbersj this 
other String may receive a)l thofe varioui Lengths, and 
will accordingly emit the feyeral mufical Sounds required : 
thofe Numbers are as follow, vi%, 500, 533* 600, 666, 
750, 800, 888, JOOO; fo thatj for txample^ if I 
flop the Suing with the Bridge placed againft 500, it 
gives but half the Length of the Monochord, and founds 

an Onavf above if, as you have heard. If 1 place 

the Bridge againft 533, it gives the Note which the 

Muftcian? caU the S^ointh Greater: ^If the Bridge 

be removed and placed againft 600, its increafed Lengtb 
wilJ give the Note called the Sixth GrraUr : — If ftopped 
againd the Number 666, it gives the fifth Note, or 

DidpenU^ as the Muficians call it : By placing the 

Stop again ft 750^ you have the Diaiejfarmy or faurth 

N;jte above the Key : — By ftopping the String at 

iJoo, you have that remarkable Concord called the Tbiri 

N&te above the Bafe \ and, laftly, by placing the 

Bridge againft 888, you have the Note called the Second 
Greater \ the Key Note being the whole JOOQ : And thus, 
you fee, all the feven natural Notes on the fame String 
are produced by ftop ping at thofe mufical Diviilons of the 

^Monochord. 

Wt Euphr§f, Indeed, this has given me a more clear and 
diilin£t Idea of this famous mufical Divifion, the Oilave^ 
than ever I had before; But there is one thing 1 obfervc 

^Un your KxprffTion of thefe Notes, which naturally 

^Fexcites the following Qi:ery, Whether the Seventh 
Greater^ the Sixth Greater^ Fourth, "rhird, and Sccon4 
Greater^ do not imply that the fame No|e^ Ipay be 
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Chm, Yes ; that you wiJl conclude of Cotirfcj for, 
in the mufical O^itve^ thofe Notes mentioiicd may be 
niade higher or lower, by half a Note ; that b, wiA 
Regard to the Bafs Note, the thirtl Note above, for ia- 
ftance, may be made a little higher or fowcr, according 

as the Air of the Mufic requires • -The Higher ii 

called the GnaUr^ and the Lower is called tlic Lr^rr: 
But you will better know and diftinguilh thefe DiffereiKCf 
by other Names that you have bfcn more ufed to, rrs- 
Flats and Sharps j for a flat Third is a Third LciTcr, 
and is ihe vTfy fame with the Sharp Second, or Second 
Greater: Thus alfo the FLt Sixth is the Sixth I^er, 
but it is nothing mo^e than the fifth Note made Half a 
Note higher or harper : But the fame fifth Note made 
half a Note lower, or Hatter, becomes the Fourtli Greater, 
and Co of the reft. Hence it is that m any mufiod 
Com poft lions thofe Notes may be adapted to the Nanttt 
of the Harmony, or Species of Mufic : Thus, for Ex- 
ample, in all grave and folemn Airs, the lowdl and 
deepcft Notes of Inl^rumejits are generally uled; but 
in brilk and lively Strains the higher Keys on die Harp- 
fKhord are moftly employed. If the Air be of tic 
moarnfuU or elegiac Kind, thofe Notes are lowered, 
and the Mufic is faid to be compofed in a Fi&i Kfj: But 
in Odes and Songs, whofc Subjefts arc Love, Mlnb, 
Joy, ^<* then the Mufuian \a a Sharp Key tunes all tlie 
Strings to their highcil Notes, and renders, by ibiC 
'. Means, the Harmony as chearful as poiliblc. 

Stiphrcf* You are now within the Compafs of my 
Comprehenfion, I underhand all you have faid with refpea 
to Flats and Sharps: By thofe half Notes, I obibrvc^ 
you mean thofe five fecondary Keys that 1 ie b etw e en liiC 
common Keys of the Spinet, with their black and wfaisc 
Surfaces, by which we render any of the natitraJ NiMO, 
or Keys, between which they are placed, flatter cr 
lharper, at Plcafurcj fo that thefe five being added to 
the other eight, make thirteen half Notes in the O^tft* 
inclafive, 

CHfi' This Variety of Notes in the flat and fliirp 
Kevi make the common Gamut, or Diatsnic S<dlf If 
Mp^'* ^^*<J feveralof thefe repeated are contained withui^ 
the Compafa of many lnft*aments, vm* the Spi 
Hwpfichofd, Lyrichoid, Organ, £rfr. 
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Euphrof. Of thcfc Notes, the Oifave^ fifths and 
Third are a Sort of governing ones, or have the principal 
Regard in e^^cry Comporition; Pray, on what Account 
arc they intitJed to this Preeminence ? 

Ckm, On account of thtir beinr the moft perfc^ 
Concords in the Scale, 1. e. their Sounds, fucceeding 
the Offave^ have a more agreeable Effe£l upon the Eat 
than the Sounds of other Strings : The natural Reafon 
of which is owing £o the Frequency of the Coincidencies 
of their Vibrarions ; to make which Do^fine as plain a$ 
po£ib]e, I muft obferve to you what I before mentioned^ 
Vf%. That the Tune of a String depends upon the 
Time of its V i brat Ion ; therefore, the fhortcr the Time 
of the Vibration, the higher the Ncte will be ; and in 
Vibrations that are performed in different Times, theie 
will, at certain Intervals, be a Coincidence of thoic 
Vibrations in all of the mufical Kind ; thus^ for In- 
0ancc, if two Strings vibrate in equal Times, then the 
Vibration of one muft conftantly coincide with that of 
the other, and they produce a MoNOTOKE, or Unisok, 
in which there is no Variety j and conicqucntly two 
fuch Strings can make no Harmony. But if we confider 
that String; which is called an OElave^ as its Tone is 
twice as high as that of the Key-note, fo its Vibrations 
are twice as quick ^ and confequently there w^il be 
a Coincidence of Vibrations at t.v^Vf fecond Vibration 
of the OStmie^ or every fingle Vibration of the JVTono- 
chord. Now, as this Interval is the fliorteft that can be 
between any two Strings in the fame 0£lave^ therefore, 
the fcffe<51 of ftich Coincidence will produce the moil 
agreeable Concordance of Sound, or (in other Words) 
will conditute the moft perfect Concord in mufical Sounds. 

Again, the Fifth Note being founded from the 

String whofe Length is two thirds of that of ihe Mono- 
chord, will vibrate three times while the Monochord 
vibrates twice; fo that there will be a Coincidence of 
Vibrations at every Second of theJatter, which Interval, 
being twice as great as the former, is not fo perfe^ a 
Concord as the O^ave, but is yet next to it hi its agreeable 

EfFedt and Perfection of Harmony : Then if we 

confider the F&urth NsUy the String which founds it js 
Ihiee fourths of the Length of the Monochord, and 
* ' ' therefore 
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therefore will ribrate four times torvcry three Vlhfaijf 
ri>f the latter I thefeforc the Interval df CoiJickiejier 

ijf be now three rtmcs as Jong as in the Ommt^^ aj)l 
jconf?quently will, in CompTifon of that, be a mtjd) 

fs perfe^ Concord \- But when wc confifkr the 

rngth of the String thai fotinds the Third, w« find it 
fm Proportion to the Monochord, as 8 to 10, ar as ^to 
5, and tlie Interval of Coincidence of Courfc wiI3 be at 
every fourth Vibration of the Monochord^ and thcrclbi«» 
irt iticif con fide red, not fo perfect a Con chord as the 
fourth ; yet its EtJecl is founds in muftcal Compoiicioof 
with other Concords, much more agreeable tlun thu of 
t)^^fmrth Note, and therefore Is eflccmed by Muflcian^ 
as the third mufica! Concord* This is the general 
Principle or Ground of Cgmordi ihoft: N^*t« bcini 
reckoned Dtjmyis whofe Pulib, or Vibrations, ran 
coincide wiui thofe of the Monochord^ as thereby- 
{iroduce a more diflbnant and iefs agree^b^e Sound. 

Etiphrcf. As the Tones of Sounds depend on thc^ 
times of the Vibrations, I Jhould bcgkd if niy Ccinofiry 
could be fatisficd with regard to the gr*.ate(l Extent 0/ 
Note, or Sound, which Bodscs are capable of mitmng, 
or which the Ear can wcli bear* 

Cltsn. An Anfwer to this Queftion requires mmt 
Experience in mufical Sounds than I can pretend v^ 
But a ccrtam Gentleman abroiid^ Mr. Sauvsite, 
made great Numbers of Experimt^nts on the Vibni^bn 
mufical Strings, and confiequently of muh j.-,di 

has found that fuch Sounds as can be heard ..,../ and 

with PleafurPj and in whofe Tune a Difference cia be 
clearSy perceived by the Ear, He within the CompoCi 
of ten O^iava-^ and if we include the loweft harmonic 
Sounds, on the one Hand, that can be heard, iuid the 
highcft that the human Ear can bear, on the otber, 
they will all be contaijicd within the Limits of twdve 
O^aves : and if this b'J the Cafe, it fuOows^ that tHe 
Body which gives the flirilieft Sound that the Ear can 
bear, makes 4096 Vibritiuns in the time that oiie \1>^^ 
bration is performed by that Bndy that gives the gravdl^B 
harmonic Sound, and that 12 f of thcfe Vibrations ait" 
performed in one Second | liirrefore the Vibrations 
the Ihrilleft founding Body Will be 5|iOQm the im0\ 
^ tin ^1 
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lime i fo great arc the Motions of the Parts of Bodies 
produced in exciting fach very quick. Vibrations* 

Euphnf As this ;3 the Cafe, I do not wonder at an 
Effcft which I kive often hear*! of, that is, the breaking 
of a Drink) ng-gJafs by ringing pf lU or railing its 
Tofte higher and higher j for, by this Means, having 
its Parts put into fuch a violent vibrating Motion, it 
is no Wonder If ih^y arc fhaJccn in (und^T^ and fly into 
Pieces* 

Ckm. I couW very eafily fhcw you this Experiment, 
but do not think it fafe, the Note being at laftfo exceeding 
flirili and acute, that I fear it might have a bad EflTcit 
on the Drum of your Ear, as it is but too well known 
that many People h*^ve been hurt by fuch Kind of Sounds* 
' • -■ ■However, I fliall fubiliiutc a very innocent one 
in its flead, which will fufficiently ibow the prodigious 
Degree of Vibrations, and the vaft Extent of Tone 

the Subftance of Glafs is capable of. You fee here 

a very large Glafs, of a Bell-form, provided for the 

Purpofe, into which I pour Water to fill i Part : 

Then, dipping my Finger in the Water, I gendy pafs jt 
round the Rim of the Glafs, and thereby excite, firft, 
a very pleafant g^rave and mufical Sound; but, as the 
circular Motion of my Finger continues, the Vibrations 
of the Gbfs are increafed, which becomes extremely 
fenfible both to the Ear and to the Eye ! for you hear the 
Tone Rill more and more intcnfe and acute, and you fee 
its prodigious Effc£l on the contained Water, in which 
it firft produaes Undulations, then very quick Gyrations j 
at length, there appears fuch an Agitation as may be 
compared to a kind of Hurricane, throwing with the 
utmoft Violence, the Particles of Water into the Atmo- 
fphere all armnd^ and to a great Height above the Glafs: 

and ft ill might we raife this artificial Tempefl to a 

greater Height^ but thst I fee the Tone of the Glafs 
has a greater Effect upon you already than you can 
well bear, 

Euphref Indeed, I cannot help Shrinking, as it were, 
from it ; but am pleafed to fee the wonderful Efted it has 
in the Body of Water, in thefe turbulent Emotions which 
jt occafions, fuch as we could fcarce have fuppofcd, or 
Relieved, if they had not been evinced by Experiment : — 

But 
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But I fhall trouble you no longer, at prefent, as jou pro* 
pofe, at our next Meeting, to explain the iS^#i«ui^ of tiki 
general Part of mufical Inllruments. 




DIALOGUE XXI. 

Tie Rationale of dsfermi Kinds tf Musical 
InstrumintSj (mjderfd. 

Euphr&fpti* 

J Have plcafcd myfclf with the Prorpe<5l of the preient 
Opportunity of being inftru£ted in the NaCitfc, Coo- 
udion, ;ind RatimaU of mufical Inftruments j which 
JjQU informed me was to be the Subje^ of our Convert 
ation at this Time* You have always knoirn 
^^ifpofitton is fuch^ as to be equally inquifitive ai 
Jthc Reaf&n, as well as the Praitue of cvc^ Art 
.delight in J as I have always looked on k as an Atj 
jnent of Indelicacy, and want of Taftc in tbofie n 
We ^holly occupied in learning the mcdtafiical or 
practical Part of an Art^ with a View to Jenfual E 
tainment only, without regarding the fublimer Plcafi 
that arife to the Mind from a Contemplation of 
Principles which conftitute the Theory, or Realbfi 
the fame. 

Cimu I was ever glad to fee fuch a Turn of Gcnim 

in yoU| and every one elfc: Thoueh^ as I have hiDtd 

to yoa before, the Principles, or Theory of Mufic »« 

not quite fo obvious as thofc of any other Sciences i ye^ 

^as they principally con fid in the I)o£lrine of Vihranoni 

^ of the conftitucnt Parts of Bodies, if this wem wdl 

J attended to> and properly explained and iltuflrated by 

Experiment, you yourfelf are a Proof, my Euphrtfim^ 

that they fall within the Comprchenfion and Capacity «l 

the Fair-fcK ; and how delightful, as well asgraccfu], b 

it both in common and facred Mufic, to fee and h^f a 

Gentleman or Lady not only play with their Hands^ and 

fmg with their Voice, but with their Undcrftanding ani 

Judgmcat alfof 
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Euphrof I have great Ambition to excel in both, as 
far as 1 am able :-^ 1 pretty clearly undcrftand what 



I 



ou have hkherto faid in regard to the vibrating Parts of 
odies : ■ That Sounds in general are occafioned by 
the Fulfes of Air produced by thofc Vibratioi«s : . - 
That mufical Sounds in particular are fuch as have a 
delightful and melodious Effcift upon the Ear ; ■ - - 
That Concords and Difcords proceed from a greater or 
lefs Frequency of the Coincidence of thofe Vibration* 
In founding Bodies ; — From thefe Principles I can eafily 
Infer, thac all Kinds of ftnnged IniVrumenCs, as aJfo 
Glafles*! Bells, and other fonorous Bodies, are capable of 
emitting harmonious Sounds ; and of Courfe^ by the 
Rules of Art* may be formed into muftcal Inflrumcnts : 
But hoW| and in what Manner this is done, I cannot 
pretend as yet to have fo clear an Idea of, and there- 
fore fhall beg your AfEftance in thefe Points of Infor-* 
jnation. 

Ciesn. Wtth refpe^ to ftrtnged Inftruments in generaJ, 
the Principle of their Conftrudiion is this, that as they 
confift of feveral Diapasons^ or Octaves, fo they 
afford three diffcfent Degrees of muBcal Notes, the 
Trthliy 7Vff*r, and Bafi % the firft of Jivhich contains the 
Notes of the highefV and moil acute Sounds j the Second, 
or Tenor J thofe of a mean Degree of Sound j and the 
lall, or Bafe, thofe of the loweft or graveil Order- And, 
according to the Form and Ei^tent of the Inftrumtnt, 
the Strings which compofe the fcvcral Graver are modu- 
lated and fitted to emit their proper Notes, or Sounds* 
by one or other of the three Ways that I mentioned to 
you in the laft Conference ; for^ as I then (hewed yoti 
vy Experiment, the Inflmuient-maker has it in his 
Power to produce any given Note in a String in any of 
thofc Ways, as Occafion or Neceflity requires ; or he 
can raifc or lower the Note by a fmallex or a larger 

String of the fame Length i By a fhortcr or longer 

String of equal Size:-^— And, laftly, by giving a 
different Degree of Tenfion to one and the fume String : 
And thus in all the Inflrtiments where the Strings are to 
be of a ^xed and dctermina^te Length, as in the Dukitx^r^ 
Spinftf Harpfuhord^ the Lyrtt thi Lyrkbcrd^ &c. tiic 
Strings of the various Oil&vn are always adjufted and 
tuned ill this Manner* 
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Ettphr&f This f apprehend pretty cafily^ with tcgira 
to the In^niments that 1 have every Day before my Eyes; 
in thefc, as the Oif(^i$ and Strings m each are ^( 1 
given Length, or invariable, if they are once fMtt ia 
Tunc, a Pcrfon has nothing to do but to^t the fingtniig 
Part, and he muft neccfiarily play the Tunc by ftriking 
the Keys proper to the Notes of the Mufic: But thi«i 
feems to me, though a very fine Species of pra^kal 
Mufic, the moft mechanical of any, 

CUfifi. It is lb, to be fune ; fince it is pofliblc tor a 
Perfon, without any Ear or Geniu3 for Muftc ac ali^ 
to learn to play on thofc Sort of In(lniment$, ititct a 
Manner : But mechanical as they arc^ no fine Mtt^c can 
be produced from them but by a curious Hand and ]^* 
dicious Ear, However, it muft be confcOed, that other 
Sorts of Jlringcd Inftruments are, in their own Nature, 
of a more curious and artful Conftru£lion, ajid of a 
more univerfal Nature, 

Euphr^f* I fuppofc you mean, by chefe, all that 
CI a is of Inftrumenis comprehended under the general 
Names of Violins, Harps, ^<r. I cannot fay there i« 
much of a Wonder in producing fuch a Variety of 
Notes from a Harpfichord, where there are fuch a Number 
of Strings i but I have oftentimes very much wondered 
how thi-7 product fuch a Variety of Notes, and play 
an Infinity of Tunes, on an Inftrtiment of fo few Strings 
is that of a Violin, for Inftance. 

Clnn, The Wonder here will foon ceafe if yoy cofl* 
iider, that an infinite Variety of Notes may be produced 
from a fingle Siring ; for it affords as many diti^nt 
Notes as Points \n which you can ftop tt * Thus, for 
Inflance, if you ilop it in the middle Point, you havo 
a Note which is an Octave above that which is produced 
by the String at its whole Length: If yoiv divide the 
rematntng Part into two equal Pans, or (top that in the 
middle Point, tht?n, ftriking that 4th Part wilh the Bow« 
it will emit a Sound which is a double Oclave, or fixfceJi 
Notes above the Bail- Note, or that of the whole String: 
This 4th Part being again divided or flopped in the 
Middle, produces a 3d Octave of Notes; and fup 
another String of a difTerent S'i%t added to thii, 
have, by flopping that in the like Manner, other O 
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|)foduce<!y ^!1 differing from tbe former | and fa of a 
third ajii fourth String; And therefore, in Uie Violin 
of four Strings, a fkilfn] Mufician may extend his 
Scale of Mtiftc to 8 or iz Graves, or even farther if 
ihcre was Occafjon, by properly topping the Strings : 
But in this Cafe, there muft be Velocity and Judgment 
at the Finger's End, fuch as is required for performing 
fi!l the different Kinds of Mufic, The iormer of which 
is attainable only by Pradice, and the latter by the 
Afiiftance of a good Ear^ natur^iiJy conftrn<^ed for a 
nice Difcernment of muficat Sounds* On thcfe InHru- 
mt^nts. Nature is the fole Miilrefs in the School of 
Muftc -, and it is furprizmg, to find what Prohciency 
fomc Pupib have been feen to make in this fecmingly 
difBcuit Part of the Art : But it is in Mufic as in Poetry i 
if Nature dicta tcs# her Leilbns arc %'ery plain and eafy, 
and give us no trouble cither in learning or praclihng. 
The Poet writes Verles, perhaps, more n.ituraJly and 
elegantly than he can talk in Profe ; and the Muiician 
plays the moll difficult Pieces with fo much Eafc, as if 
they had acquired this Knowledge before they came 
into the World, according to the ancient Doctrine of 
Traafmjgraiion of Souls, 

Euphrsf Ail you obferve, I thtnic, is very juft, and 
it gives me a clear Idea how an Inltrumcnt of a fmall 
Number of Strings might be of an unlimited Extent in 
Mufic, while one of m much greater Number is perfectly 
confined: But, pray, CUenuuiy can you folve rac one 
Query on this Head, vi^. how it h poffiMe to produce 
all the natural Notes in a muiical Octave by one Stroke 
of the Bow, and the fame Length of the String; for 
this I aduaJly faw and heard irom a very ikiiiul Mu- 
fictan the other Day ? 

Ck&n. I have like wife fcen and heard the fame Thing ; 
it is a Paradox in Mufic, I allow, and has been ftrongly 
denied by many who have not bem convinced by the 
Faft: It is true, the three Principles, Ws5» the Length, 
Tenjion, and Diameter of the Strings, are thofc which 
in general caufc any Variation in the Notes of founding 
Bodies; but, from this and many other Experiments, it is 
very certain there are other Ms, evident Cauie§ which 
concur in producing that liitfc^j fuch as th« greater or 

kiTcr 
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jlefler Degree of PrelTure on the String, in the Mo 
the Bow over it; alfo, theDiftancc from the End 
String, at which it i^ couched ; as like wife, the greater or 
kfsPreflurc of the String by the Finger; and Come other 
Circumltances may enable a Perfon, with a g<>od muficaJ 
Ear, to vary the Sound of the String in the Majiner 
before-mentioned. 

Euphritf, You ohferved to me, in fpeaking of the 
Harpfichord, that the Qdave there wai Itmicoi lo 
thirteen mufical Note3, incluftvej but in thii free 
u neon fined Inflrument, the Vjolin, I preruitie;^ cJi> 
Muficisn has a larger Scope, and may be more cri 
tkally Nice m the Divifion, or Choice of hit Notes^ 
and thereby render his Mufic more reEned and hai- 
moniousi 

Ckon. What you obfervc is very j uft ; but for tbii 
Purpofe, a Man muft have a very nice and cnrJcal Ear ; 
For, when you go beyond the common Flats and ShArps, 
it will not be caiy for an ordinary PratElitioner to know 
where or how to ftop in Tune, or to vajkj^ them more or 
Jefs flat or ih^ than heha^ been taught by the common 
Gamut, or Scale of Mtific, Your great Performers, 
and M afters in thii Science, extend their ScaL to thirty* 
two Notes, inclufive, by raifmg, or dcpreiEng each of 
the natural Notes tofucb aDegree as only their Judgment 
and natural Skill can dtrcd^ and, in this Rcfpcct, can 
even tranfcend the mufical Proportions of Geometry 
itfeif. Thefe ftringcd Inftrumcnts, therefore, properl/ 
fretted or fcopped, arc capable of all the Variety thai 
can be produced in the Science oi Mufic and Harmony, 

Euphr^f. You {^tm to be more than commonly pleated 
with the Stru^ure of the LvaicHORD, as 1 hare ofien 
obfcrvcd from the Manner in which you make mention 
©f that Inftrumcnt j and, by what I have feea ot it, it 
fccms more pertcct in its Na.ure than any common Hirp- 
ftcliord: Pray, what are the Peculiarities of ihm muBciI 
Conllru^tion? 

CUm, It partakes of the Nature of the Haq> and 
iJie Violin, and is poilelled of the principal Properties of 
both, and, at the fame Time, exempt in a great Mcaikrc 
Ijom the Import f^ions of t-ither : It has, indeed, a cei- 
Uiii> 03^ detcrmmatc |J umber of SuingSi with Kcy» 
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pj-opertoeach, like the Harpftchord j but, as you obferve, 
thofe Sirinp are not ftruck by Q^iills in the Jacks, but 
are brought down to ihe Surfaces of rmaJJ Wheels, 
which move with great Velocity under them, and by 
this Means they are ftifceptible of a Stroke from the 
Wheels, in the fame Manner as the Si^rings of a Viol in 
arc from a Bow, and therefore may, in a like Manner,' 
have the Note produced, or contraded, as the Nature of 
Mufic requires; Whereas, tn the Spinet, or Harpfichord* 
the Notes arc but of a momentary Duration, being* 
ftopped by the Cloth on the Jacks as foon as they arc 

excited. Uy this Opportunity of extending, or 

fwelling out the Note, they make the Harmony tnote 
full or fonorous, not altogether uulike thofe noble and 

high founding Notes of the Organ it feU* But 

even m this Inftrument, unlefs it be furnifhed wtth fplit 
Keys, as they arc called, you are ft ill confined to the 
imperfcd and fcanty Divifions of the comtnoii Gamut. 

Enphrof, But there feems to nie an Apparatus in this 
Inftniment which I have never obfcived in any oiher, 
and thnt is of a great Nun>bcr of Leaden- weights, very 
curioufly and art mc tally difpofed in the Fore-part of the 
Inihument, vfrhlch 1 am infonned, is for keeping the 

Strings conftantly in Tune: -What have you to 

fay in regard to this Contrivance, Clesman ^ 

Cii6fJ* I think it a very curtous and philofophica! 
one J for, by Means of the large Weights* the Strings of 
each, rcfpeiiively, have their due Degrees of Tenfion, 
proper to ihe Places they hold in each 0£tave : And by 
the Screws in the Mechanifm for moving the Icfler 
Weights, the Tone of ei^ch Siring is adjuftcd to the 
niccft Ear i and when the Strings of the Lyrichord arc 
once put in Tune* they muft netetTarily corumue fo^ 
as the fame Weight, always acting uniformly, muft 
produce the fame Degree of Tcnfioo : This in a given 
String murt always produce the fame Note, and h the 
moft excellent Property of this new conft^Ui5!cd Intlru- 

ment, and quite peculiar to itfclf. Though this 

Invention might, without much Trouble or Expence, 
with a little Alteration, be applied to the Harpfichord 
and Spinet, and thereby prevent th^ very frequent 
Traubleand Expencc of tuning thofe Inftruments. 

Vqi. IL C c 
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Euphr&f, I could wtflij with all my Ht^ 
cnce done- for as I am not likely to be . r 

Lyri chord very foon, I ibouid be giad if thtu Ifiitrvniait 
which I have could be coinrivcd 10 Iw kept 
without fuch a frequent and ncccfiary Recite;!' 
pray, Citenkuf^ in what Method would you propose Vi\ 
to be done f 

Cifcn, Were I a mufical Inflruf , 

Enphrofym^ I ftiould attempt it in the B. , : i 

following Manner: You know that the T 

of a String varies with the Quantity of th- T''- :he 
which it is ft retched ; therefore any Co tJ 

would incrcafe, or diminifli the Weight b^a^^i^ to iht 
End of the String, in any fm^U Degree, woura be fwf- 
cient for keeping that String to its requifite Tone* Now 
It \% well known that a Weight lying upon an i«di 
^lane will have its Force increafed^ or remitted, in Pi 

ortion as the Plane is lefs or moie inclirved; and 
tercj if on the back Part of the Spinet, or HarpGc! 
proper Weights were appended to the Siringj, xnd tfiefe 
Weights fupported on inclined Flanes^ on which Uicy 
might freely move, thofe Planes by 3 finglc Screw la 
each might be elevated, or depreffcd to fuch a Dewte, 
as that the Strings Hiould be all of them exailty tvnedi 

and of Courfe they muft fo remain, Thu«, use 

Set of Weights wtjuld be fufficicnt to anfwcr thil P*f« 
pofe ; and the A p plication Icfs cumberfortiie and cx\ 
than in the Lyrichord.* 

Euphr^f Well, 1 fijid 1 muft be cofitcnt wiik 
Harphchord as it is, fincc it is likely that this All 
will not very foon take Place :— Bur, pray, what 
Species of Olafs-mufic h that which of late has Vo" 
the Subjedt of fo much Diftouifc and Enquiry 
the niuiical Vittuorif 



• |n order 10 accommodate our mufica! Rr:;dif. 
PriRt of thi$ mcil curious Ijilirymcnt. 
which we fofmeriy gave in the uu 
M^igftiiiic ; as few of o«r Renders vvili have ao Uppc 
of leeing the Inftrument itfcif, itiey oiav derive, 
bstc itilpir^ion of thu^j a lulficirnt Idea of m Nai 
CondruttaoOt ivhich we hope will prove ito fniidJ 



,rJi 
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Clfsn, Why» traly, iny Euphrsfynt^ it is fn this at 
in moft other Cafes, that new Things make a very great 
Noife, and are generally conceived in a magnificent Idea 
at a diftant View ; but, upon a nearer Approachs and 
nicer Infpe^ton^ they are feldoin found to aJnfwer out 
preconceived Notions of them : I believe, tmny People 

think this to be the Cafe of our nc* vUnms Mufic* ^ 

But why do you afk my Opinion of tr, when it cannot 
be fuppfjfed but yoti yourfdf are a proper Judge, as yoU 
have both heard and htn it ? 

Ettphrfff I was willing to know your Sentiments 
before I difcovered my own : I confefs, with nefpcift to 
myfclf, k is as you fay, the Fame of it feems to exceed 
Its Merit i for the Performance, at which I was pre lent, 
the firft Tim^, fell greatly fliort of my £%pc*£tation ^ a 
Second, anfwcrcd better: But, prav, CksrJois^ why 
was Water ufcH in fomc of thofe (jiaflts, and others 
were played on without any f 

CirffH, The Glaflej will have their Tones altered, or 
varied, different Ways, fuch as make the Vibrations of 
a different Duration ; for, as I obferved to you before, 
the larger Gbfs has the flowcft Vibration, and confe- 
quentty the gravcft NotC| and therefore, in any GUfs, 
if you can leifen the Bulk of its founding, or vibrating 
part, you will thereby rajfc its Note to the required 
Fitch : And this may be done two different Waysi the 
firft is by putting Water into the GhC$^ which will 
IcflTen the Dimenfions of the fonorous Part ; for the 
Vibrations will extend no farther than to the Water, 
where they will entirely ceafc, and therefore, by putting 
more or lefs Water into any Glafs, the Vibrations will 
be rendered of a longer or thortcr Duration, and thereby 
the Glafs may be tuned to any Note required*—— — -The 
fecond Way is, bv grinding the Glafs on the Edge till 
you have fimicienny 1 evened its Quantity, to produce the 
Note deftgnedj 2nd this is the fame Method, in Effedl, 
chiy take for tuning Bells, hy turning oiffo much from 
the Rim, or Surface, as is necedry for that Purpofe,— 
And in each of thefc Ways the GlalTes arc rendered truly 
mufical, or harmonious. 

Euphrtf One of thofe Performers, I obferved, had 

gll his Glalics fianJing fingly before him, fixed doWrt 

C c 2 10 
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to 1 Boarxl : Another had them placed rouol 

common Axhy oae within another, lo the Maiuicf 
Bells ate placed about a common A^ts for the Chimes of 

& Clock: The laJl of thefc Methods is, in my 

Opinion, much preferable to the former ; But lhati|fa 
1 think the Notes from Gl^s much fwcetcr and Sua 
than thofc from a String, yet ts the Muftc itfdf eft 
;iliuch inferior Nature, as confLlliiig only of pUiix Nofis, 
without admitting of an/ Shakes, or other Graces, whidi 
3:11 common Inftruments are capable of: Bcftdcs, C^ti 
Sort of Mufic feems confiaied to very floinr Time, as a 
temporary Stroking, rather than a tnofnentary couciiing 
the GlafSf is hcrie neceffary, and therefore oodtiag of 
that Agilky in fingering can here be expcded, whkh 
fo greatly diftinguiihes the Performers on otli^ la&tm- 
meiits. 

C/^jT, All that you have now obfrr^^ed tie cert^lj 
Fa&, that will render this Mufic of no ^rett ^ ' 
quence among the greateft GcniUs^s of this Sortl 
more accommodated to Melody, or vocal Mufc, 
to that of common Concerts : for a^ the N<yt£i 
Glafs are fofc and flowing, they are over-ponicrad anJ 
ab for bed by the ftrongcx and higher Notes ^ oihtf 
Inftruments. It Ls^ however, a diflindl Soirf of re*! 
MuHc^ which is more than can be faid of the /Eoliah 
Harp, whofe Notes obfcrve no muGcal Proportipci^ 
Sound, though they are all of them, from the higlidc 
to the loweft, raoH exquifitety plcafing, or rather ravifr* 
ing to the Ear* 

£ufhr§f I know this by frequent Experience; 
tfie Harp which I have, and often apply under the Sj 
©f my Window, fills me, as it were, with the Sen! 
i^f celeAial Sounds and Harmony :^ And it 



CftlUtlj 

atei am 



anaazing ro find how the Notes will fuccelHvdy ai 
from nothiDgt fwell to the moft exalted Tones, am" 

gradually die away : They fecm fomctimcs 

near at Hand ; at others, you hear them, as it 

from the rcmoteft Diftance. And I have oftent; 

ihlorvcd chat| from a different Number of Things in ti: 
'Harp, the hive wonderful Variety of Sounds will anfc. 
And, furthermore, whether all thofe Strings are in 
Vmionf or tuned to the various Kota of an Ocla 
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fenfibk Difference will arlfe in the Sounds which *re 
produced from the Strikes which are made by ihc tnvjfibic 
Hand of Nature* 

Ckm. What you fay, my Euphr^f^ne^ I have often 

experienced the Truth of myfell", —And frum thefc 

and fucb like Phenomena it cvidentJy appears to me, 
that we arc not yet fulty acquainted with the Philoso- 
PHV OF Sounds, cfpetiajly thofc of a mufical Surt j 
and that tNey have many other Caufes concuning to 
produce and vary them» befidcs the three mathematical 
Quai.tJticsp Vf%» Dlam£ter^ Lengthy and Tenfi&n^ of 
Sirmgs. ^As a farther Proof of this, I (hall enter- 
tain you with one Experiment more 10 fhcw how, and in 
what a furprizing Manner, mufical Strings are affe£tecl 
by each other's Vibrations : To which End, I have 
here provided you wivh a founding Box, and two Strings 
of equal Size and Length on the Top of it ; If one of 
thefe, which I fliall call A, be ftramed to any particular 
Degree, and then we begin to ftretch the other, which 
^ J call B, fand h placed very near to A) then will the 
String A oe quicfcent, or at reft, under all Degrees of 
Tenuon in the String B when it is iiruck with a QtiiJJ, 
excepting that only which is the fame with its own, and 
in that Cafe the String A will begin and continue to 
vibrate equally with the String B. The two Strings 
therefore, as they have equal Degrees of Motion, will 
produce an Equality of Suund when equally fbruck with 
a QuJli : And hence we fee the natural Caufe of that 
Concordance of Sound which is called Umfm. But the 
Motion which is given to the String A by the Vibration$ 
of B onlyi will be very fmaJf, and therefore produce but 

ia very f.iint and almolt imperceptible Sound ; Yet ftiJI 
Ac Sound is audible to a good Ear, and the Vibration is 
vifiblc to a common Eye, However, that thefe 



Things may be extremely fenfible to you, I have place J 
p Microfcope over the Middle of the String, where ih 
jou will obfcrvc the Pha!nomenon to the greateft Ad- 
vantage. 

Euphr$f I am greatly obliged to you, Cli&mcMs^ for 
fak^n|r fo much Care to fnftruft and improve me in (h« 
ILnowledgc of natural Things..-^ — I'll try the Ex peri* 
{pcnt$ fucceffivclyi and, firft, wiJlc the Strings hav« 



Ccj 



tw. 
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tuv'o dilFerent Degrees of Tenfion, I ftrike one of thcm» 
and obferve the other has no Motion even to the Eye 

affifled by the Microfcopc : But now, as I turn the 

Nutt and gradually ftretch the String B, I obferve, as 
it comes nearly to the Tenfion of the String A, th^t 
the latter begins to move, till at length the Tremor 
increafes, and fhews die Vibration of the String not lels 
in Appearance in the Microfcope than I of an Inch : 
And It is very curious to obferve how this Space 
gradually leilens, as I increafe or remit the Tendon of 
the String B, above or below that of A, till on either 

Side it vaiiiftics : Indee/, I can plainly fee the Motion 

in the String A with my naked Eye, and can even hear 
the Sound when that of B is flopped.— By this Method, 
I apprehend, a Pcrfon that has no muftcal Ear at all, 
may^ with his Eye, aflifted by a Microfcope, put two 
Strings in Unifon to the utmoft Perfection. 

ClioM, You obferve vtry righdy, my Eupbro/jftu^ and 
not only in tTnifon, but likcwife in any other comparative 
Degree of Sound : Thus, if I take the String B away, 
and fubilitute in its Room another which I call C, of 
juft half the Length of B, then you know, when they 
are under the fame Degree of Tenfioj), there will be an 
Qctave Difference in their Tone ; or the Sound of C 

will be an Octave abov e that of A . But now what 

is very myftcrious is, the EffetSt which the String C 
has upon the String A i for, when it is ftruck, it will 
caufe th String A to vibrate in two equal Parts : That 
is, with refpe^t to its Motion, the String A is divided 
in the middle Point, and each Half vibrates equally with 
the String C, and that middle Point is entirely at reft : 
A Thing, which the moft acute Philofopher would never 
have furmifed, had it not been demonilrated by Experi- 
ment, which it is t^'o feveral Ways. 

Euphrof. This will afrord me very great Plcafuro 

indeed : Could any one have thought that i 

String could poflibly be put into Motion by two Parts, 
and yet at Reft in a Point between them, at the fame 
Time! 

CUon. So it is, my Euphrofym^ and the following 
Experiment will evince the Truth of it. — I cut 3 
fmall angular Pieces of Paper in this Form and Size, ( A j 

fo 
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fo that they ouj conveniently hang upon the String ; 
then I pbce one of them precifely on the Middle of the 
String A, and the other twojuft over the Middle pf ea^Lh 

Half of the (aid String : Now, my Eupbrofym^ I 

ftrike the String C in a gentle Manner, and you obferve 
the two laft mentioned Papers are inftantly thrown oflF, 
while that in the Middle of the String A remains entirely 
at reft. 

Euphr^f, I view the Fa£( with Aftonifliment ; nor 
can it need any thing more than this (imple Experiment 
to fupport it. But could it not be otherwife ihewn by 
the Microicope as in the former Cafe ? 

CUtm. Very eafily, my Eupbrofyne\ for now 

I place the Microfcope over the middle Point of the 
String A, and when you have placed your Eye over it, 
for the View, I will ftrike the String C when you give 
the Word. 

Eupbrof, I have a perfedl View of the String A, and 
without any Motion at all : — Therefore, now ftrike the 
String C : — Well, though I hear you ftrilce it, I proteft 
I fee no Motion in the Part of the String I look at, any 
more than before } but it ftili continues at Reft. — ^Now 
let me view the Middle of each Half. 

Clean. I'll Arft place it over that Half which is by 
the String C :■ ■ ■ Obferve the String, and give me 
the Word. 

Eupbraf. I fee the String at prefent perfe^ly quiefcent ; 
»■ you may npw ftrike it: > A Tremor feises the 
String at once, anfl it is dilated into a very conftderabl^ 
Breadth, at leaft 4 or 5 Times as wide as its natural 
Size :— i-And will the other Half produce the fame 
Appearance, CUonkuif 

Clean. The very fame.-*-— I will place the Microfcope 
over the middle Point of the other Half, and then you 
will be fatisfied. 

Eupbraf» At prefent the String appears at Reft, ai 

before: Now give the Stroke to the String C, 

< Immediately the String is all in Motion, with 

fdl the fame Appearance as before.— —I am doubly 

convinced of this wonderful Event, and ihould be glad 

if you will give me to underftand how, and in what 

C c 4 Manner 
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^f zDDcr fuch wonderfiil Mocioa n oommunicalBd fron 
C lo A. 

Cii^a. It is fiid» br Pbiloibphen, tliat as the String 
A cm be «&cl.^ cabf by the Pulfes of Air excited bf 
tbe Modon cf the String C, and tho& Eulfes being of 
tike faane Length vitft the String C, therefore thej can 
lln^c it onic in half ils Length at die (ame Time; and 
thstciofr, br this Means, can put it in Motion only in 
dote tvo Halves ; and kf the middle Point of the String, 
havii^ nocking to ftrike it, remains at Refl.^-— This 
is zocouatiag far it in a Manner fomt^hzt fimilar to 
the Thln^ 1 allow ; but I will not anfwer for its being 
fatisfietonr to n-er? fcrupulous Mi^:«— *But that this 
i< a Fi^ in e\-ery different Length of Strings, where the 
forcer is an aliquo^ Part of the laigcr, is certainly true, 
and i: will be worth while to give oncf Experiment more 

to ooonrai it; Thtrcforc, I have here provided tw^ 

odier Strings^ A and D ; the Length of A is 4 Feet, 
ani that of D but one Foot, they- are placed at th« 
Diilarce of ^ of an Inch diftant from each other, and 
both b^in a: the lame Line : When they are properly 
tu:)ed, or the String D a double O^ve, or 16 Notes 
above A, t jcn, when it is (Iruck, the Pulfes of Aic 
which it produces can be only one Foot in Length ; thefe 
Pulfes therefore will ahcd the String A in 4 equal Parts 
ai o.ior, and coalVquently divide the String in three 
equil Poinii becwc^*n the two Extremes, which Points, 
to£.eiSer with the two extreme Points, or Ends are all 
to be coiUiJered at Reft, while the 4 intermediate Parts, 
or Quirt^rs of the String, do fcverally vibrate at the fame 

l^->e. AnJ in order to prove that this is really the 

Ca{>, nine of thole fmall Pieces of Paper will be nccettary, 
to be placed at every 6 Inches along the String A^ for 
then, wnen the String D is ftruck with a Quill, every 
other Paper ought to be thrown off, and the rtii remain 
on the String : > And this, you fee, will be done by 
iixuig your Eye attentively on the String A, while I 
Ih-iifc the Stri.ig D, 

Euphrof. How wonderful is the Sight 1 The 

Papers ahernately fly off and remain at Reft :— — Thofc 
which go off, do it with fuch Violence and Sudden- 
nefs, that it can fcarcely be perceived by the Eye i— - 

wb^c 



AND LADY't PHILOSOPHY. 391 

Ti^lule thofe ait Reft appeal; not in the leaft to have been 
ftiocked. '■' — I do not know that I ever (aw an 
Effedl in Nature To very ftupendous, and, at the fame 
Time, capa le of being demonftrated in fo ilmple » 
Manner. 

CUon, I Oiall entertain you with more of the 
Wonders of Nature in this Way at another Time ; 
At prefent, I think I have kept your Mind fufficiently 
upon the Stretch, and therefore mail poftpone the Conr 
ficieraticn of thofe called Wiad-i|iftruinents to the next 
Opportunity. 



DIALOGUE XXIL 

tb( Rationale of different Kinds of Musical 
Instruments, continued. 

^upbrofjUf* 

YOU have given me a large and particular Account 
of many Sorts of muftcal Inftruments, particularly 
Ithofe whofe delightful £i{e6h are produced by the Vibra- 
tions of Strings,; and you promifedme, at the Conclufion 
pf our laft Conference, that the Subjed of our next 
mufical Speculation was to be the Philosophy of 
iVind'inftrununts: Of this Sort, I muft confefs, I have 
but a very (lender Notion, and here, if you do not take 
Care, you will foon get out of my Latitude. 

CU$n. I ihall trouble you with nothing very myfteriout 
pn this Head ; for all Kind of Wind-inftruments, from 
fhe Jtws Harp to the Organ, depend upon one fimple 
Principle, viz. the vibrating Motion of condenfed Air ^ 
for as. alt ftringed Jn(lruments produce their Effects by 
exciting Vibrations in the Air by the Vibrations of their 
Strings, fo all Kind of hollow Pipes may have their con^ 
tained Air imprefled, and condenfed by the different Force 
pf the Breath, or Blaft from the Mouth, or by other 
Means, and thereby the A^ion of that condenfed Air 
yartoufly modified, and which, conimunicated to the ex- 
terna} Air, will be the Caufe of as great a PiverHty pf 
^ * Vibra^ 
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Vibratioiis therein, and confequcntly of muficsd Soundl 
or Notes^ wbich^ as I havefliewn yoq, cottfift; to no- 
thing more than the Pulfts of Air properly modified 
and "mod 111 a ted for that Furpofc. 

Euphraf Then I fuppofc, by what you t^j^ Climimi^ 
if & pJjrfon applies a common Trumpet to hi* Moutiit 
and pats the Air id Motion by the Force of his Bnratb, 
the Vibrations of that condenfed Air will naake z loud 
Sound : ^Thcn a PerToii blowing through a Trum- 
pet of the faine Dimeafion with fuch a Force of Bniratii 
as will condcnfe the Air to twice the Degree, wilj rj«fe 
the Vibrations to be twice <is quick, and, cor; i', 

to prodtice in the external Air a Sound, w re 

or Tone Oiall be twice ,35 high, or more acute than the 
other : And therefore the Tones, or Nete^ of thofe 
two Trumpets will be an Oilazf diftant from each other : 
Am I not right fo far, de^nicus f 

Cl^on, You certainly arc, my Eu^htdmi: And if 
the fecond Perfon was to agitate tlie Air widia lefs Force 
of Brcathi fo that its VilnatiOiis Ihould be in Proportioii 
to thofe of the other Trumpet^ as 3 to 2, then would 
the Notes of the two Trumpets be that Concont ciUcd 
the Fifths If the Breath be farther weakenol^ lb a« to 
caufc but 4 Vibrations in this Trumpet to ^ of the Firft, 
the latter will be a F&urih above the former, and lo on 
for a mrd^ Second^ &c. whence it appears, that tw» 
Trumpets being founded together, am capable of pro- 
ducing all the Variety of mufical Sounds in comoioJi 
with ftringcd Inflrruments* 

Euphrof, So far I underftand yoti pretty clearly, ajid, 
at the fame Time, I fee in general the Rcafoii why a 
Trumpet^ French Horm, &c, is of itfelf a muncil 
Inftrumcnt ; becauf^, by varioufly agitating the Air 
with different Forces of the Breath, any Variety ot 
mufical Notes may be produced by Suce;Hon| and, 
confcquentlyj any Piece of Mufic may be pcr^med in 
a fingle Part by thofe Inilruments^ iind two of them 
together in Concert ; and becaufe of the Greatncfs of 
their Sound, or Loftinefs of thtir Notes^ this Sort of 
Wind-mufic h generally appropriated to all joyful ind 
triumphal Oceaftons, and ire particularly plcaling in 
the Gloom of a trwie Night, and have their Effeas 

grcaay 
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greatly heightened by their Reverberation from an ex- 
tcndeil Suriacc of Water. In this Trumpct-mufic^ the 
Air feern* not co be confined oragiutcd in the iamc Man- 
ner as 111 thofe Pipes or Tubes wc call Flutes : Pray, 
bow mn I to undcrftand the Effect of this Son of Wind- 
inJlrumcnts ? 

Cii$n* The Air in the BoiJy of any Pipe or Flute, 
will, by other Atr forced in upon it, be put into Motion^ 
and being thereby more or kfs condenfeJ, wil) have 
fuch Vihiations excited as are proportionabiy quicker or 
Howcr; and ihcfcj by Means of the Holes producing 
fimilar Vibrations in the external ^vir, will caufe all 
that Variety of tnuftcal Sounds, as before: But the 
Notes of thofc Sounds will be variable, according to 
the Bulk anJ Length of the included Column, or 
Cylinder of Airv for the larger the Tube or Pipe, the 
greater will be the Quantity of Air to be put in Motion 
by the fame Force of the Breath, and, conftfqucntly, 
the Icfs will be its Condensation^ therefore the flower 
its Vibrations, the lower will be the Note or Tone of 
Sound which it emits,- — —But ;i5 one Lenj»th r4* String 
will produce only one Sort of Note, (ivith the fame 
Degree of Tenfion) fo one Body or QKianiky of Air 
will be capable only of one Degree of Vibration, and 
therefore of producing only one Note, which^ indeed, 
may be highei or lower, a* the Force of the Breath may 
be itrongcr or weaker impreCcd, But what 1 now fay 
muft be unifcrftood to relate to the common Method of 
founding tho^e Inftrumenti, j for, if you pleale, yoa 
may blow with Force enough to caufe Vibrations twice 
as quick in the fame Body of Air, and confctjuently to 
nvike the Sounds emitted an O^ave one above another t 
But you cannot, in tbiii Cafe, produceany Note between 
the O^^aves, which is fomethiug of a very odd and ex<- 
traordlnary I^ature. 

Eapbr^j, Pray, Citifmcks^ whit is it make? that which 
19 called the Pkch^pipt of fuch general Dh in tuning 
myftcal Inftrumenta? 

CUcn^ A^ we are now difcour^ng of Wind-mufic 
of the tubular Kind, your Queftion is very iffr&pnf^ an J 
the RjiUmaU of the Pitch-pipe will be very eafy to 
po^iccive from what hath been f^id ; For as the Vibrations 

of 
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of tKe Air will be proportioned to its CJuatitity in a 
uiiitorm Tube, whether fquire or round » ic matters nolj 
therefore as you incrcafc or dlminiih the Leogth of rhe 
Bore, or Capacity of the Pipe^ by the foSid Part that is 
moveable in it, fo you may give foch Lengths to the 
mcluilcd Body of Air as fhall render it prodtidive o*-' 
Vibrations of any given Degree of Velocity, atid thereby 
produce iiny given Note of an O^ave, 

Enphr^^. U I underftand you right, when ihe Air 
of the Pipe has its full Length, it will produce the kswtft 
or Bsfi Nt>U\ but when the foiid ?^n if placed to hr 
in the Pipe as to diminifti the Length of the Body of 
Included Air, by one Half, and the Note he rounded* 
it will be now an O.^^ivi above the former, or twice as 
high : js it not fo, Ckmum? 

Ckm. It is, niy ^i/^/jf^wr, juftas youhavcexpreffcij 

\li And farthcrmorc, if the Stopple be iii<»ve«l 

fliU farther up the Pipe, fo as to leave the Col urn n of 
Air but i of its firft Length, its Vibrations will be then' 
t%i*icc as quick as in the laft Cafe, and therefore rHl 
piodticc aNotc twice ai high, and corvrequcntly wiJI be 

a double 0£iavc above the B;ifc Note: *i*herefor<5 

It is, rhat this folid Part or Stopple may be cotifidcred 
IS a Mmich^rd in its whole Length, and may be fo. 
dividtd iato a Hundred equal Patts, in ihe jaine Manner 
IS I obfervcd to you of the Bafc or Ke)'-not« when 

was aSuiug: ^ But here the Beginning ©f 

Divifion IS from the End that enters the Pipe 5 therclbrc»< 
if you place it in the Tube to the ENvifion 50, it will 
found an O^avc; but if you draw it bacic to 53, tlie 

Note will be a 'jth greater*, if you flop at 6o^ it 

will be a bih greater ; and after that at 40^1 the 

Fijtk Note will be produced! again, by pl^ng it ic» 

j5, you have the /"^irrMNote; then a^nit 80, 

»nd \ ou have the mrd Note \ *"d, lafHy, agstn^ 

80 A, y^^ hiv^e the Sicmd Note, or thai otxc 10 the 
Key MT Hafc Note — Thii«, any Note of the O^^ve 
may be produced by the Pitch-pipe : And if the Notei 
in this nril Odave be t>ot high enough, yoo may go an 
O^ve bi^hrr on the fame MomMihordf and fo hav^ ^ 
very great Extcitt of Notes in this Ptpt. 

4 
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Euphrif Then, I prcfume, the Reafon wbjr it i« 
called a Pitch pipe Is bcciufe, by this Mcim^ he that 
tunes the Harpficho^d, or other Inftrumcnt, may be 
thereby able to pitch the Note^ or Tunc^ to the proper 
Height above, or Diflance kom che Bafe Note ; To chat 
any of ihc fcven Notes in the 0£tave may be afcertaiJied 
by this Pipe: And thus all the O^ves, and confe- 
quentJy the whole Inflrumcnt, may be put iiuo Tune^ 
at any Time, by this mechanical Method.-^— 1 Tuppofe^ 
the Rati^aii of all Wind-inftruments is nearly the 
fame J as you have given mc to underftand^ that Notes 
or Sound oi this Kind depend upon, ajid rcfuU from the 
diJF^ran Agic^tions and Vibrations of the included Air 
in the Pipes. 

Clem, What you obferve is m general very juft: 
But there h^ at the fame Time^ great Art and Comri- 
vance required in the Inflrument-maker, with reCptift 
to the internal Structure and Bore of ttie Tube, or 
Pipe; and alfo the Form and Sfzc of theHoIe*^ or Ven- 
tflfes, by which thofe Sounds are modulated by ih* 

Fingers In Flutrp, Hautboys^ &i, —But the Capital, 

©r mtTll noble and raagnifirent of all ih^ Inllrumen'* for 
Wind-mufic is, the Orgaw^ fo called by Way of 
Pre-eminence; becaufe the Word Organ figrvifics, in the 
original Grtti^ nothing more than an Injhumtm^ — The 
Principle of Organ-mufic is in itfelf very fimple and 
eafy, as I have aheidy /hewn ; nor is its Strudture fo 
very difiicuJt, or complicated, as might be imagined 
from its pompnus Ai'ptarancc, 

Eup}w$f The Afp:.'dt ^nd Effe<5l of the Organ arc 
both in u fuperlattve Degree: I am always raviflied with 
its m;ijcftic Form, as wtll as with its divine and cdeJtial 
Sounc^B. 1 think it is with the greateft Propriety con- 
fecratcd to the Worfliip of the Deity; as it mufir be 
allowed greatly to aflift all that Part of our Devotion 
%vhich raate to f.icred Mufic and Harmony, fuch as 
finding Anthems » Pfalms of Praife^ &£. and rumething 
of this Kind we find has always been In Ufe ij) Royd 

Chapds, and other chief Placts of Worfliip, But 

mcthJnks, 1 fhould be elad to know fomc thing of the 
internal Sirudure of this Intlrumentj ss i have never 



I 



Jet had an Opportunity of gratifying cny Cunofity by'*ia 
nfpeftiop thereof. 
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Chm. It will not be a great while before I fluJt likf 
you with me to the Organ -buildef's Room, where fO« 
wilJ fee and examine every Part which enters into m 
Strufture ; an J, indeed, there is no %Vay for a Perfoa 
to have a juft Idea of the Stru£ltire of this Inftrumcai, 
or any other Piece of Machinery, than by 3 rral Vi 
of the feveraJ Paris that compofe it, and the Manner 
which they are put together by the Ajtificer t Buu 
the prcfcnt, I fliall give you a general Account of 
^eral Parts of which tt confiils ; — — —Under the R; 
of Pipes is a long Trunk, or hollow Box of %V( 
made perfectly Alr-ilght^ with which the Pipct coi 
tnunicatCj and which, at the Time the Orgao isph 
is conibntly filled with condenfed Air by Mi 

Bellows appropriated to that Ufe» Externally^ 

obferve a Set of Keys like thofe of a Harpfi chord, ^ch 
of which is adapted to its peculiar Pipe tn the Orgaiij 
— Thefe Keys, when put in Motion by the Organii 
lift up little Springs, by which the condenfed AItj 
out of the Magazine into the Pipes of the Organ*^ 
The nciher End ot the Pipe is formed fomething iil 
the Mouth-pfece of a Flute, by which fuch a pjirtici 
portion of Air is admitted as h fuflficient to put tl 
intcrn.il Air into thofe Tremours, and Vibrarionj* 
Jmre ncceffary to found the intended Note, the other P3 
of the Air running Wafte ontheOtit-fide of the Tubei^ 
-And thus the fevera! Pipes of the Organ, ti! 
le Sirings of a Harpfichord, have their muiicjl K 
produced, by one and the fame Contrivance of a S« 
of Keys, which is a very lucky Circumftance, became 
the fame Pcrfon can, by this Means, play eitb^ InAni- 
mtwu 

Euphref From what you have faid, I am able 
form 1 tulerabte Idea of the Nature of t\\\t InflrumeneJ 
and the Manner in which thia fupcnor Kind of Muticj 
h clfedled :^— — But let me afk you one Qudhon 
mox^ does not the Matter and Fonn of the Tyha 
contribute to meliorate the Notes, or Sounds, as wcTl 
as the Sound-boards with which (Iringcd Inflrumeau axe 
con ft runted ? 

Ckm. Thefc is no doubt of it, my Euphrsfym ; the 
more elaflic the Tub« i&» the ftfongcr axid Imcr, and 

fDorc 
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more fonorous ani) vivid will be the Sound , if I may fo 
exprcfs myfelf : Of this you would Toon be iVnfibW^ 
were the Air agitated Sn the f^mc Manner b^' eqiial Pipes 
of Copper or Lead, The Strings of a Harprichord would 
make but indiftcrent Mufic without the Sound -board, 
and elaftic Air below, eoiiuibuting, by thtit Elarticjty, 

to heighten and perfect its various Notes. ~ln the 

Structure, therefore, of all Kinds of mufical Inftruments, 
wc arc not only to confidtr the eilential Priticiple of each 
peculiar Species of Mufic, but, alio, we muft have a 
great regard to all concomitant Circumihijices and Inci- 
dents which contribute t& improve (he fame ; for it h 
in Music as in PainTihg^ unlcfs the ExprclTions of 
Nature arc enlivened and emhflUflicd by the Graces 
borrowed from Art, the Perforntance will ever prove 
flat, cold, and unaft'e<£ting. > — Thus I bstve, in a 
general Way* Sketched out to you a comprchL'nfivc 
Plan of the Philofophy of muftcftl Sounds^ by whick 
you will be enabled to read, with Improvement, the 
Works of thofe who have wrote largely on this Subject, 
and therefore fliall conclude with a few Reflections not 

improper on this Occafion : The firft is, a Cu- 

riofity relative to mufical Proportion, worth your Notice 5 
by which there feems to be fome Connection between 
the Sdtmfs of Music and Oi^tics, — You remember all 
that I have fa id to you concerning the Reflexion of 
Light from S pec w I urns, and the Formation of Images 
thereby, from a given Diftance and Situation of th€ 
tcfpe^tive Obje<5ls, 

Euphrtsf. What I can recollinSi of that Kind is princi- 
pally this I that the folar Focus of a Speculum is at the 
Diftance of i Part of the Diameter of the Sphere, of 
which it is a Segment j and, farther, that when an 
Objc^ is at any near^ or definite Diftance, the focal 
Diftance, or Place of the Image, will exceed the Di- 
ftance of the folar Focus, and ib much the more as the 
Objeft is nearer to the Mirrour* 

Ckm. Very well, my Buphrofyne : Then what I have 
now to advance, i$ thi^ 5 that if a Right-line be con- 
ceived to he drawn, and a Mirrour be placed on any 
one Part of that Line, and an Object at a Diilancc in 
another Part of that Line, thm the Fiea nftk MhrQur^ 

and 
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ittid §f its Cmttr^ and th Fha %f thi OhjiEf and iti Imtgti 
urt fiur PmUi uhkb wU ioer divide thai Litu h-f 
Musical Proportion: Ffom whence wc have this 
harinonical Analogy, es thi Dijiance cf fbe O&fetJ fr&m 
ikf Ctnur &f the Mjrr&wr is to iu Dijiana from fhr Ftrii^ 
tht-riofi fo ii the Dtfianie of tht Imagi frcm thi, ftiid Cmter 
U its DtJIaticifrom the Fertix ' Or, in otlicr VVords, the 
Ratio of the Diitances of the Object and its Image^ 
t'rom the Center and Venex of the Speculum, wiU ever 
be the fame. 

Euphrof This, no doubt, i* a very ctijious Pro- 
pofition, beth in Muf»c and Optics ; but 1 fhould hare 
a much clearer Wea of it, if you could ccifititve to 
illuAratc it by Example, or Experiment, 

Cleon. That nothing may be waiting to yomr cafjr 
Conception of the Nature of fo fingular a Pharjioinenon, 
I fliail illullrate it both by an Example and Expctiinent. 
For this Purpofe I have provided a Speculum, which 
is the Segment of a Sphere juft lo Inches in Diamefer, 
whofc Center is therefore at the Diftance of 5 ijtchci' 
from the Vertex. Now, if 1 drawr a Line juil fo 
Inches long, and place the Mirrour at one End 0^ that 
Line, and any Objc<^ at the other End, then will the 
Center of the Mirrour fall on the middle Point of the 
fatd Line 1 therefore^ if thi* Line be confdcred as 1 
Mmoehord^ it is evident, the Center of the Speculum 
falls upon that Point which is called the O^a.r^ and 
the folar Focus is upon the Point at 2 | Inches diftant 
from the Vertex, which is that Note called the Fiurtk 
Then the Object being placed at the End of the Mo«k»- 
chord, its Diftance from the Center to its Oiibiicv^ 
from the Vertex of the Mirrour will be m PropOdtioA 
as I to 2; Confc«jycntlyj the Oiflave, or Diftance 
ftom 5 to JO* fnuft be divided by the Image in the famt 
Rathi and therefore it Will t^l on the Point which is 
6 ,*j Inches from the Beginning of the Monochord, aed 
therefore will be formed oti that diflinguiAied Concord 
called the Fifth : So that, in this Example, the PUcc of 
the Objc<£t ^nd it* Ima^, the Place of the Speculttiiti 
its Center and fdar Focus divide the Monochoid la «U 
the capital Points of harmonical Proportion. 
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Buphrail But Aill, Chonims^ though I do not difpute 
the IVuth of aJl you fay, it will be neceilary to evince 
the fame to me by an Experiment, 

CUm* That is the next Thing -I propofe, and 
which will not prove tedious or difficult in the leaft 
Degree | for having placed the Mirrour in its Frame, 
with the Center of the Pedeftal at the End of the Di- 
vifions of the Line, or Monochordj I place a fmall 
lighted Wax -candle exactly on the Beginning of the 
faid Line:^ — Then you fee, by (landing on this Spot, the 
Image of the Candle inverted, and the Point of its Flame 
exactly directed to the fifth Note, or Divifion of thiS 
Monochord, 

Euphr&f This, I qbferve, is really Faft, and fully 
fatisfies me of the Truth of this moft ejctraordinaiy 
Inftancc of Harmony in Optics. — Pray, U there any 

I Cafe of a like Nature in any other Sciences I 
CU&ft, None, that I know of. You may have heard 
talk of the Muftc and Harmony of the Spheres, or 
Orbits and Motions of the heavenly Bodies ; but there 
Is no real mufical Proportion in the Diftanccs of their 
Orbits from the Sun, or their periodical Revolutions 
about it, 1 have Iikewife, heretofore obferved to 
jou, that in the Refra^ion of Light by a Prifm, the 
ppaces occupied by the different Colours in the variegated 
folar Image were nearly the fame as the Parrs, or Inter* 
vals between the mufical Notes of an Odlave : But this 
ia a Matter, for ought we know, merely cafual, as there 
is no geometrical or phyfical Demonflratton of a mufical 

Ratio in refra<5ied Light in that Refpedt. 

Euphr$f This is a curious Difcovery indeed ; ' - But 
what have you farther to obferve, with regard to the 
Hature and tiFeds of Mufic ? 

Cli&n. It may be very proper here to animadvert 
upon one Thing, viz, that when we Jcnow of any ex- 
traordinary Power, or Agent in Nature, we are generally 
apt to over-rate it, or to afcribc more to ics Virtue and 
Efficacy than was ever naturally due to it* To this 
injudicious Difpc ition in Mankind, we owe moft of 
thofe ridiculous and extravagant Notions of Aftrologers, 
or Aurufpices, Sooth fayers, and Conjurers of every 
Kind, which have formerly fomuch infatuated the Minds 
Vot. 11. D d ef 
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of wt^alc ;inJ v/iakeJ People, to the great DiOionourof 
an all wife GovLrnor of the World, and the Shiimc and 

Dilgrace cif hun^an Niiture. — Xhts feems to hiM 

been t he Fa tc c v i' n o f M u fic i tfe! f : Its Po w crs are well 
knmvii to ^ift'ct the human F^ibriG, which Is chieiljr i 
Compa^'cs, or Syilcm of nervous Fibres :ii\d Tniiicu]u 
Filaments, an J thereby fubje^t to all the Motions and 
Vibr^Uoiis of Air; and, confequently, by rhofc cicca- 
iloncJ by nuifii::]! Sounds in a very high Deigrec : and ai 
the P.J]iojis of the Mind arc affected, and variouHy 
excited by thi; Impulfes of the nerrous Syflem, it is no 
W-jivdcr that we oftentiuics fee the Power of Muirc ^f-^ 
kcWng the PaJTions of Men, in refpe£t to Jovj Mirth, 
Devotion^ tfc. m a verv extraordinary Miinner : Kor 
ar'.^ wc to vv^-nJcr, if w<^ find a Set of People ready to 
extend the Pi^wer of Mufic beyond the Force of Nature, 
and afcribJn^ to it many Effedts which it was nevci 
ciipnMi; of producing* 

Eufhrof, 1 luppolb, by this Parody on (he Weatnefi 
and Sup*. rfl. lion of Mankind in regard tT> the P^wer of 
j\Iu!"lc, )ou jjave fume Objcil in View, like tKc famous 
Story of ti:L* Bite of the Tarantuhy which is faid to 
ihk lit' Mti/k akne* 
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fuch a Diftemper^ from fuch a Caufc, and that Nobody 
ever rcrrembers a fingle Inflajicc of fucb a Thing j and, 
laftly, that there Is noispicier to be found in that Country 
different from thofe which are conimon in molt^warm 
Climt\tes, 

Euphr^f, If this be the Cafe, how ftrnngely have 
your great Philofophcra, Phyficians, and Divines been 
impofed upon, by fo trifling a Thing as the fabulous 

Story of the Tarantula, —Docs it not argue them 

• to have been equally indolent and credulous ? Was 

it not in their Power, luo Years ago, to have deeded 

this Impofture : —Should not this prove a LclTon 9f 

Inftruiition to the Vinuofi of the next Gene rat ton, to 
be more cLrcumfpe^Sl in their Enquirlt:* into the Powers 
©f Nature^ and not to be credujoufly aflbnting to every 
vulgar Report, to the no fmall Difgrace of their high 

Reputation ? Laftly, 1 think you havefaid enougli 

for a Aliments to the great Gentlemen of your own Sex, 
who are apt to value therofelves fo much on their fuperior 
Wifdom and Abilities, to be very moderate, for th^ 
future J in their Reflexions on the Weakncfs and Cre- 
dulity of ours, fincc learned Men, as well as filly 
Women, it fcems, can, for Centuries together, believe 

and acquiefce in fuch an old Woman's Story .* Yoa 

forgive me, Ckmicas^ thefe general Rcfieaions, as you 
cannot but know they are highly due from our Sex, for 
the many genteel Stri<flures we daily receive from the 
Lhirati of yours. 

Chan, I think, my Eupbrofyne^ all that you have faid 
is but too juft a Retaliation, and you are certainly very 
right in fo equitable a Vindication of the Honour and 
Chara(fter of the Ladies in general : — —But, at pre fen t, 
we ihall put an End to this Converfation, and, in our 
next, proceed to confidcr of thofe Organs with which 
Nature has furniflied all Animals, and, in Particular, • 
the human Species, both for forming and uitefing of 
Sounds^ as well as for perceiving and hearing the fame. 
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Notes, 




C)Epofer 

wit]^ bycbilyOb. 
the Farti q( 

dyt Organ sc not Iblcfj wppnfnMid to thtt Uib; 
Wt, like mamj ocker Pans of the anmial Sjfteoi, diej 
jpc wikif ie^Bod, b^ the Antfaorof Nature, fiouifwcr 
mmj Parpofes, acd to perfom difitrent Fundioiis in 

Ihe aniaaal Oecooooij^ ^Tbe Parts of the tooJ 

Organ aie as fblkm, [i.)TheLmMis. (2.) TheTradiM^ 
or Wind-p^pc. (3.) The Larput^ which is the Upper- 
part of the Wind-pipe. (4.) The Efiri§ttisj which lies 
0ver the Apotore, or Mouth of the Lmjnx. (5.) The 
UvmUj which haii« fhooi the Palate at die End of the 
Pails^ of the Nofe. (6.) The ToMgut. (7.) The Tatk 
{%.) The Lips. Thefe are all the principal Parts coa- 
cemed in the Formation of animal Sounds. 

Ettpbrof. Thefe feem to me to he hard anatomical 
Names, many of them j but, I fuppofe, the Things 
themfelves will be eafier to bs underftood : And, further, 
as we obferve in every different Species of Axiimais a 
peculiar Note, or Tone of Voice, or Sounds, which 
they naturally emit, therefore, in each of them, wc axe 

to 
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ta fuppofe there Is a peculiar Difpofttion and C on Bgu ration 
of thofe Parts^ to anfwer fuch different Modulations of 
Sounds. 

CUen* No <}oubt is to be made of this j for though 
the Parts may be eflemially the fame in all, yet their 
Shape, their SIkc, and their different Apparatus of 
Mufcles, and many other Circumftanccs, may be in- 
finitely varied in the numberlefs Species of Animalg, and 
thereby an endlefs Variety of animal Sounds, Notes, or 

Voice is producible. It is by this Means, that 

each Species has its peculiar Note. Thus, th^ 

Dog Barh^ ^the Cat Mews% the Cock CrattfSf 



■the Doves Ca^y- 



the Cow Lnufi, 

Man alone Speaks, 



the Sheep BUaisy 



the Lion R$ars j 



but 



It IS obfervablej that the 



Fifh alone, though they have many Parts of the afoiefaid 
Organ, are yet entirely mute, or incapable of emitting 
any Note. 

Euphr$f* You will next, Cleontati^ pleafe to let ma 
know the particular Oi^ce which each of thefe Parts 
perform in the Formation of animal Voice, or Sound. 

CliGHn The LuKGS, which I have mentioned as the 
firft and principal Part, are, in this Refpedt to the 
Animalj as the Bellows and Air-box is to an Organ j 
that is to fay, by them the Air is infpired, or drawn 
into the Lungs in a fufficient Quantit)' by their Dilatation, 
as may fuflice not only for kefpiration, or Breathing ; 
Jwhich is their general Function) but alfo, by their 
Comprcflion, tp give a proper ImpuJfe to the Air requifite 
for the intended Intenfuy of the Sound, or, in other 
Words, by a greater or left CompreiHon of the Lungs 
we can exprcfs the Air through the Wind-pipe wuh 
diflTcrent Degrees of Force, and thereby raife, or lower 
the Voice, as Occafion requires : In ihort, the Lungg 
arc the general Magazine of Air for all the numerous 
Purpofes in the animal Oeconomy, of which, this 
of the Voice may be juftly reckoned in the fecond 
Degree, 

Eupkrtf. Is this important Organ formed alike in all 
AnimaJs, Ch&nkm f 

Chun. I have obferved fome ve:y conftderiible Dif- 
L^ feiencc in the Formation of this Part, in the Accounts 
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which Natarialifts give us of it ; but I {hall refer yoU| 
fo^ further Satisfadlion in this Point, to a mpft noble 
and valuable Woric, viz. the anatomical Part of the 
Memoirs of the Royal Academy of Sciences at Paris^ firom 
the Year i66^ to 1699, >vhere you will fii^d not onljr 
the beil Iconifms of all the capital Beafts, Birds, 
Reptiles, Serpents, isfc. that has been ever publiihed, 
but a particular Account of all their Parts by a DiiTe^oa 
of each : And if you read it in French, it will at the 
fame Time be an Improvement of your Knowledge ii| 
.that Language. 
, Euphrof I thank you for your kind Dire^ion an4 
Advice : I fhall take the Hrft Opportunity for procuring 

fuch ufeful Treatifes. Pray, what is the next Part 

conducive to the Formation of Sounds ? 

Clean, The fecond great Part in the Orgap for apimal 
Notes, or Sounds, is the Trachea or Wind-pif«,— — 
I have obferved to you that, in all Wind-inilrumenti^ 
Pipes of one Form or other are necefTary ; but the Wii^d- 
pipe is moft fitly compared to the Pipe of an Organ ; 
. and as it fcrves only for the Conveyance of the Air to 
^he upper-part, or Larynx, it is of diilerent Sizes, 
peculiarly adapted for exprefTing the different Sounds in 
various Species of Animals. A larger Account of this 
t*art you will find in Dr. Grew's Cofmologia Sacra, or 
^r. berhams Phyfico Theology^ both which Books are 
Jiighly worthy of Perufal : But one Thing I cannot 
omit mentionmg to you, as it is an Argument of the 
moft obvious Defign and wife Contrivance, vix. that 
as this Part lies immediately in the Fore-part of the 
Throat, and i3arcs on its Hind-part upon the Oefophagus, 
or Gullet^ by which our Food defccndsinto the Stomach \ 
and as it confifts of Cartilaginous Annuli, or Rings, 
^hefe, left they ftiould bare hard on the Gullet, are <Sf- 
continued or broke oft on the hinder Part, where it is 
altogether foft and membranous, as you may remember 
■ bfcentimes to have feen, in this Part, in a Di(h that 
frequently comes to your Table. 

Euphrof, I fhall take more particular Notice of this 
Part the next Time I fee it, as it is fo highly defer\'Ing 
Ihcreof.i Pray, what is the next Part concerned I 

Cleon. The Larynx, I mentioned to you as the 
third Part of the complex Mechanifm for aniir/al Voice : 

This 
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■ This P,\rt is no Icfs ufeful| than wonderful in its particu- 
lar Stru<5tiirei it rs placed on the upper Part of the WimJ- 
pipe in rhe Throat, it may juftly be confidcred as the 
moftmufifal Part ofihc whole Organ, as it is particularly 
^ adapted to modulate or vary the Sound, or VoicCj in 
^f every rclpcdt, that any particular Animal is capable of: 
^ For this Purpofe, it confifls of no k-fs than five very 
cuncnis cartfhi^inous Parrs, all moved and actuated by 
particular Mutcks appropriated to each. In the human 
Species, this Part has a peculiar Configuration, and is 
one of that infinite Number, in the hijm:<n Fabric^ 
that might juftly excite the devout Exdamation of the 

Pfalmift,*-^ in the Lefore*nnentior*cd Authors yoa 

will fiml a great Variety in the ConflrudJon of this 
Part in difterent Species of Animals : In fliort, the Larynx 
a.nfwers to the Mechantfm m the lower Part of an Organ- 
pipe, or Moutli-piece in Flutes^ for modulating the 
Jngrels apd Egrefs of th^* Air 111 Speaking, Singing, ^c, 
Buphr&f. So far I have at leart a general Idea of the 
oi-ganical Parts of Spetch. F''^f* what is the next 
«vhich follows, contiibuting tothis End : 

Ckm, The next, or fourth Part, is the Eficlottis* 
fo c;iili:d, as being fomethi ng in ibc Form of a Jittlts 
Tongue lying over the Himula^ or Mouth of the Larynx^ 
always raifed a little above it by an elaftic Mufcle, (m 
that when the Aliments glide over it into the Otfophagus^ 
it ciofea the ivtouth of the Larynx (o that nothing may 
get down the Wind-pipe ; but when they are paftit, it 
rifes again by its natural Rcfort, This anfwcrs to 
, that particular moveable Piece in the German Flute, 
Or;2«n-pipes, ^V. by which the Rimula^ or Paflage 
for the Air, is made greater or lefs for the proper Modu- 
lation of the intended Note, or Tone of the Sound ; 
Bat this Part in the animal Strudure as inuch exceed* 
the other, as the Voice, or Notes of Aainnals is an Effedi 
fuperior to the Notes of a common Pipe : The manJfefl: 
Defign and Contrivance of this Part being beyond 
Admiration illelf. 

Enphr&f, The Part which you have now defcri bed, I 

apprehend, is concerned in the oiiginal Prodiiwlion and 

Dd 4. Modi- 
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Modification of rhc Voice | but the o&her Parts whidi 
follow, 1 prcfume^ ute to render the Voice or Speech 
more Articulate and diftin^ ? 

Clem. Ihat is their particuhr Odice; for witiuMt 
them the Wind -pipe would be no more tb^n a contoioii 
Fl^tC) for barely inc>dulating Notes of Sound : But, bf 
the AiEftance of the other Parts of this Organ, thofe 
Notes or Sounds may be faid to be pj^operly configurami^ 
or formed into ail that infinite Variety of Sounds wMA 
«rc ncccflkry to cotiftitute Voice, or Speech : Amcm^ 
thcfe, the nrft is the Vvula^ which I mendoonl to joA 
as the hfth Part concerned ; this hangs from flic P^iMi^^ 
in the upper nud hinder Part of the Mouthy before th^ ' 
Pafl^ige into the Nofe : It has two Ufes, one b to pterent 
»ny Thing regurgitating into the Nofe in Deglubtion, ati4 
the other is« by its various M ifcfcs and Motjciin» to 
contribute to liie pr.ticubr or fpccial ModiAcatioii and 
Articulation of Souiids^ at its firft ICntrancc into die 
Mr>uih : Since we firiJ Uik is very ofren cxpcTieaccd 
when, by a Difcrdit in this Part, it is ntc^Sktf 
cxtradl iti that ilie Vuice without it is very obt«& 
indiftin^, and the Pcrlbn fj eaks, a^ we fay^ fi 

^4p^ By laoking into any Perfcn's Mouth. 

will readify difcern this Part pendant from the Psd; 
©vcr the Throst, 

Eiiphrof Well 5 but notwkHlandiiig this, I preCi 
the Tsngue is the principal f nltrutncjit for n 
Voice articulate? 

Clmn. Undoubtedly it is » the ToMGUB n tl»e fijcti 
Part which I mentioned in the Stnj<^ure of this ^nenJ 
Orgian, and is no only the PrincijvJ but the moS iNb* 
lutely neceflary Part, for the general ArticulatiOQ of 
Sounds efpeciaJly tor verbal Notes or bpeech, whicblft 
wholly indiftin^l and unintelligible where this Part is lio- 
happily wanting, a« you too often find by Experience 
there is fo n>uch natural Art in .he Ufeof the Toiigyc 
this Refpcct, that the Tongue itfclf is not caj 
exprciling i it is an hiflance of that divine tr>cr^ 
we tan only adnilre, btit never fully under ll:ina : It 
the grand InArumcnt oi Speech to the hum4ri Specie^" 
9nd fcrves to iiiodulatc the Lxprefljons of the Pafiiofu, 
by proper Notes of Sound hi aJl others » 

Euphr^f. As you arc upon the Subjedl of tlie Tongy< 
Ck^mm^ jrou will give nre Leant to aik, what 

4 fm 
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Purpofes it fcryes bcfideg that of SpeecK ? It fcems to 
Jtic to be the Siot^ or the Organ of T^ifii. I fliould be 
glad to have your Sent! men ts on this Subje<Sl. 

Clton, You may command me in any fuch Rerpei£b 

15 freely as you pi cafe :■ And^ to tell you the plain 

Truth, it is fo cminentty diftinguifhcd as the Organ of 
Taste J that it is, for ought I know, its primary 
FuntSion or Faculty; for it is well known to Anatomiils^ 
that there is a Pair of Nerves which proceed from the 
Brain to the Root of the Tongue, and there difperfe iti 
a wonderful Manner through all its Parts j and termi- 
nating in litde capillary Emrne'iiccs on the upper Side 
©f the Tongue,, occafions that fmall Degree of Afpcrity, 
or Roughncfs, which we there perceive : Thefe arc 
called the Guftntary NiRVfis^ bccaufe being affc^led by 
ih^faporific Particles of the Aliment, or any other Bt»dy 
to which the Tongue is applied, they render us imme- 
diately fenfible of that Quality which is called, their 
Super y Relijhy or Taste ; and this is the Subltaiicc of 
the general Doctrine of this Sensation, 

Euphraf It Is fufficrent to give me a general Idea of 
Taftc, and that is all I can cxped at this Time, You 
will now proceed to the other Pans of this gcncrid Organ 
af Speech. 

Clf&n, The Teeth and Palate are the neict In- 
ftniments of Speech ^ you will eafily find hC5W con- 
fiderablc their Office is in this Refpet^, if you only 
attend to the different Notes or Tones of the Sound 
exprclTed with the Teeth, fhut and open j or by pro- 
nouncing^ the different Letters of the Alphabet without 
applying the Tongue to the Teeth and Palate ; alJb, it 
is a very common Obfervation, that the Voice of Peribns 
who have loft any of their Forc-tecth is very different 
from what it was before, and con fider ably lefs articulate. 
It would be endlefs to be particular in ihewing how hr 
the Teeth are concerned in rendering the human Voice 
perfe<ff, though, in regard to other Animals, they are 
pf little Importance in thta refpe£t. 

EuphroJ, I can eafily experiment the Truth of what 
you have now faid, and am fully fatisfied of it from 

common Obfervation* I think you mentioned 

the M^uth as the bit Part of this Organ of animal Voice? 

Cledfi, The Mouth and Lips are the moft eflential 
#f all the Parts to modulate and articulate the Sounds, 

pfpcfially 
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efpeciaJly^ in our own Species j all ihe Vanatbns 
SounJ^ from the to weft WhifjiCf to Ehe loud^il Vod^ 
feration, depends on the dificrcnt Apc^ure and Confi^it* 
radon of the Lips. This likrwifi* is eviJcat in tbc 
Whirling and SinF»ing of maft Kind of Hirtlf, fbar 
WBrblin]/ and tuneful Noccs being in sgtcat Mcafttre fof- 

med and modulated thereby-, And thti^, I thmt, 

I have enumerated (o you %\i th« dWTertrnt and cITcnml 
Parrs concerned in ccmpoiing thJs grand Contrtvmnce, 
f>r Organization for animal Sounds \. choif?ll lliere if 
one more maflr eminent Part, in the animal Fabric, tJ^t 
c^nnf»c be excluded from having fome Share ia the 
Production, or^ at le^l^^ m the Pcrfc^^um of tbis great 
Faculty. 

Euphrof. By yoar Manner of Expreflion^ Clnmkm^ 
I gucfs you mean the NoitE \ this, we know, %% il« 
Scat of the Senfation of Smelling^ and 1 am fuUjr 
fatisfied, at the fame Timei that a free Pallkgc tbfougfc 
ihc Noftrils docs greatly contribufe to a diftini^rExprfiiart 
of the Voice, as avc caflly find by holding the No£e w2>ci] 
wc fpLak, 

Chan. Your Obfcrvation b very ]n^ % the Noftnfi 
trndoubtirdly contribute to a it^ and clear Expiseffioft 
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Difporition of the eifa^ory Ntrvesj and their amazing 
Kan>ification through all ih^ bfoad Part of the Btak gf 
this Bird| is one of the moil delightful and i.Honllhing 
Sightis J ever bchdd. 1 make no Doubt bur the 

Cafe would appear the fame, or, perhaps, much more 
«3£quirtte in the nervous Stiu^lure of this Organ in the 
Nufe of Dogs.^ whofe Powers of Senfatiou in this Kind 
arc well kndwn by Inflajices which exceed all liuman 
Concet>t(on and Ocfcription, ^nd^ I take it^ th^it ex- 
cepting The Si^bi alone, the Organ af Smdiing l^ the moft 
exqwifuc in the animal Oeconomy, 
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PIALOGUE XXIV. 

0f the Facultv* or Sensatiok ^Hearing; 
with & DiscRiPTroN of ibe partiadar Parts 
concerned in ihe Organization of ihe^Afi. 



I 



Euphrofym, 

AS you have obliged mc with a gencraJ Account of 
the philofophical Principles of Sounds, both ani- 
mace and inanimate, which has not a little contrtbuted 
to the Expanfion of my Mindj and Improvement of 
my Underftanding ; yet I remember you told me, I 
fliouJd never be perfect in this Part of the Science, tiU 
the very Organ itfclf, by which thofe Sounds arc rendered 
perceptible to us, be fully confidcrcd and underftoodj 
which, I apprehend, will be y^rf difficult for ziyy one 
to comprehend without having the fcveral Parts of this 
Organ eypofed to View, hy ao actual Difieftion of the 
Ear : This, when we parted Ufl, you was fo kind as 
to tell mc you would provide for the Subje^ of my next 
Entertainment. 

CliQH, This I have accordingly done, having obtained 
the Favour of a Preparation of all the Parts of ih^ human 
Ear, curioufly prcferved, from an ingenious Acquaint- 
ance, whofe Charader, as a Surg^n and Anatomift, is 
not the leaft eminent in his PrcJeiEon.^ — You fee then^ 
Jiene nicely difpofed, upon Cotton, in ^he littl^ Co^ipartf 
inejits in this Box, 
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Eupbrsf, It is, no doufet, a fine Curiofity of ttiii 
Kmd } but, by a general View of the fcveral Parts thus 
dislocated and detached from each other, I cannot form 
mn^ confti^ent Idea of the Form and StruSture of thi» 
Organ, as it naturally extfts in the Head. 

Ckm. But that you will more readily do by another 
anatomical Preparation of the Ear, in which all the 
Parts hare their natural Pofttiorit and^ by a particubr 

Contrivance, are eaiily exhibited to the View: 

See, in this other Box, the Oilgan of the Ear entire, 

Etfpbr&f, This is, indeed, a moft extraordinary and 
noble Sight ^ but even in thb Cafe I fee a milcrJJancoui 
Syftem of 1 Icnow not what, till you fliall picafe to 
defcribe the feveraJ Parti of this complex Organ^ and 
give me a particular Account of the Ufcs of cach» in 
producing this wonderful Scnfation. 

CUm, That is more immediately the Bufinefs an4 
Purpofe of our Meeting at thii Time. 1 wdl know 
how difficult it it for any Pcrfon to have an Idea of the 
Nature and Manner of this perceptive Faculty, without 
an ai^tual View of the Organ itfelf, and its fevcral Parte 
diltin£Uy. The other Organs of Senfation> as you 
have fcen* are not fo difEcuJt of Accefs or CoroprC' 
lienfion, and therefore I have been the more folicitous to 
«nake this of HfiARtHG in particular^ equally unieillood 
by you. 

Euphrdf. I am vaftly obliged to you^ for jm^f Care 
and Solicitude to inform and enrich my Mind with every 

valuable Acquiiition of Knowledge : Yo*i will 

pleafe then to begin, and proceed in your Deferipcion of 
the fevcral Parts of this curious Organ. 

Cii^n. 1 will : ^But I muft firft of all obfervc 

to you, that the Parts which you here fee in Boices are 
the internal Parts of the Ear only j but wc muft iKgin 
our Defcription with the external » <^ tnCermedtile 
Parts# to render the whole compleat* Tkerefofc, 

fi>y?, the external Part, which we vulgarly <^l the 
Ear, is of a curious Form for the better Cofle^toti of 
Soundsf and is placed on each Side of the Head of Animajii» 
(like two natural Hearing-trumpets,) to collet the Sound 
which comes from every Pare, and the Duplicature of thi9 
Organ is a benign Provilion for any Accident by which 
wc may be deprived of one, as w^ hm% remarked bofofff 
tethcCafcof Vifion* 




I 



secondly ^ the Meatus Audit9riui^ or PaiTage Co the 
internal Ear» receives the Sound from the extcrtial Part^ 
where it is augmented as in the Tube of a Trumpet, 
and, as it were, candenfed upon. 

Thirdlfy the Mtmhrana Tymffani i or Drum of the 
£ar^ which is this curious membraneous Part which you 
fee here extended quite acrofs the Ear, and hetng altnoil 
of a circular Form^ reprefents the Parchment Membrane, 
or Head of a Drum : In the Si/fus^ where this Membrane 
is placed, there are fome Parts in the Nature of little 
Springs^ (as you may obferve in thia Preparation,} by 
which this Membrane is tended^ or relaxed^ in order 
that the Vibrations of the internal Air may be thereby 
rendered more or lefs intenfe, as the Occaiions of th« 
Senfation may require j for^ if the external Sound be 
too great, ihis Membrane may be reJaxed to moderate it | 
OTt if too !ow, it may be Uraincd higher to augment 
or heighten it^ all which is analogous to the Mechanifm 
I have formerly obferved to you in the Pupil of the 
Eye, with regard to too intenfe or too weak a Light. 

£up href, A moft w i fe and very won der fu 1 Con tr i v an c e, 
ind^d ? — Thofe little Parts which appear like Bones on 
the Infide of that Membrane, I prefume arc the little 
Springs that you fpeak of^ 

Cksn, They are : The liril of thcfe confills of two 
little Bones, called the Malkus and Incuf^ or the Hammer 
and Anvii : Thefe contribute to extend and relax the 
Membrane principally.- — — ^ — The fecond Spring confi (Is 
of the fame Incusy and another little BQm called the 
Mapfs or Stirup, joined together by a third little Bone 
called the Os Orhkularf^ and the Bafis or Foot of the 
Sttrup is the Palfage, or makes the Entry into the fecond 
Sinus or Cavity of the Ear* 

Euphr^f. Pray, h this Membrane fo pcrfe^ly e3e- 
tended over the PafTage of the Ear as entirely to cut 
oiF all Communication between the internal and external 
Air? 

Ciem. It is but very lately that it has been difcovercd 
to have a fmall Perforation on one Side, M'hich opens 
into a Canal called Eu/leicMus*s Tube, from the Author's 
Name who firft obferved it: This Tube opens itfelf 
toward that Part of the Mouth which communicates 
with the Nofej and hence it is that fome Pcoplcj by 

(hutting 
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their Month and bolding their Nofe, cam 
§arot die Soioke of Tobacco in a vifibk Manner through 
theor Ean, throi^ this (mall Chink firft dcCcded by 
Mrohms. 

Eafhnf Bj fuch an odd Kind of Experiment m 
Cbmamiiication between the internal and external Ear 
ii pot be^FOod all Difpate : ■ B ut, pray, dnniau^ 
m not fnch a Hole ncccflary in the Nature of an Organ 
cf Sound ? Becaole I have always obierved it in all 
I nftiuni e u cy, as the MaSam Harp,' Violin, &c. where a 
Body of Air b contained under a Soiuid*board beneath 
the Strings. 

C£mr. There is no Doubt but that every Part in 
Ae Ear is perfedly adapted to a juft Modulation of bar- 
nonioas Sounds, and to meliorace their Tones ; and 
that this Perforation in particular may not a little con- 
tribute thereto, as you well obferved, we find it doea 
in rooft Wind-infbuments. 

Eupbref Pray, what are' thofe Parts which I obferve 
within jthe Ear, in the curious Form of a Snail (hell ? 

CliTn. The Paflage or Part juft behind the drum of the 
Ear is caHed the VeJiikulMm^ being, as it were, the Anti- 
chamber or Entrance to two other Cavities or Apartments 
in the Ear : The firft of thefe Cavities is called the Labf* 
rtJttby confining of thefe Semi-circular Canals; and the 
Second is called C^hUa^ from its refemblance of a Snail^ 
Ihell, as you may fee by their Appearance in thefe Prepa- 
rations. 

Euphrof, They feem to be very curious Parts* indeed ; 
and what you call the Labyrinth appears to me to have 
foTTiCthing of the Mcchanifm of a Winding-horn, or 
Hearing- trumpet. 

CUon. Not only the Form, but its Ufe is undoubtedly 
of the fame kind, viz to increafe the Agitations of the 
internal Air, or to make them more fcnhbly aficA thef 
Fibres of the auditory Nerve, to which a VeftihulMm^ or 
PafTage with which they all communicate, may not » 
little contribute ; as alfo, thofe little Membranes which 
you h-- re fee extended in the Entrance into each of them. 
This Labyrinth of Winding-tubes is fuppofed to be the 

tcral Or^^an of Hearing : But that which is dcftined 

the more delicate and refined Ufes of Hearing, fuch as 

orming and modulating mufical or hannooical SouikIs# 

X UaoM 
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fecms to be this other (tCQtid Cavity of the (kchUa^ in 
whofe curious and moli perfedt Mechanjfm you obferve 
two fpiral Wir»dmgs or C^inals, I'c pirated from one 
another by a thin nervous Membrane, fupported through 
its Length by the projection of bony Lamin^y z% you 
may fee in thi^ Cochka by a proper Scdion through it. 

£uphr&f. I obferve it with a great deal of Plcafure j and, 
as this Winding- paflage ^ro ws narrower towards the 
Sumuiitj I apprehend the Fibres of the auditory Nerve, 
difplayt'd through the fame, may be fuppoftd to have 
fome Refemblance to the Syftciu of Strings in a Harpfi- 
chord, and that in this Part wz may cxped to find the 
true Scat or Caufc of Concnrdj and Difcords, or of the 
Harmony and Diifonance of Sounds. 

Ckcn. Your Conjeciures per/e£Hy coijicide with thofc 
of the heft and CT\oft experienced Natural ift?, who have 
always conceived this to be the Ca{^, but in an infinitely 
fupcrior Degree to any Thing that we can £ml in the 
bumiin Coni^ruclion of a muiica! Inflrumcnt i for in fuch 
an infinite Variety, in the Lengths of nervous Chord *=! 
it wiil always hsppeo that fome or other of them wllJ be 
in Unifon, or fome other Concord with the Vibrations of 
the Air imprcfTed; and oth^r Nerves in Difccrd with 
other Vibrations of the faid Air- — — This, at leaf!, ii 
fame Way of accounting for the mechanical Produ(f)ioti 
of Sounds, and muficaJ Notes in this Organ; But you 
are not to expeil that wc can, at all Times, declare the 
full Intent and Purpofe of every Part which we obfcr^c in 
the Contrivance of this, or any other Organ of Senfation, 

Euphfiif. It is to be efieenied a great CondefceiUianj 
that we arc admitted to fo near and fo aftedling a Vkw of 
Nature and her great Ope radons, as to give us thofc 
extended and exalted Notions and l^t^% which we thereby 
acquire of the divine Author himfelf. How little can 
they be properly fald to know of the Deity, who are 
ignorant of the Works of his Hands ? For ray Pact, 1 
fljali ever think it my 'greatcft Felicity to have been thus 
conducted, by you, through a Series of thefc rriolt 
ufeful Speculations, on the moll intercfting Subjects 
of this Kind* and which will ever endear you to me 
under ail the Relations of a Friend^ a Brother^ and a 
Tui&r ;' and which h all the Acknowicdgment I can* at 
prefenij make for your aiTkduom and Indefatigable Care 

to 
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dlkfmfiimrf titfiwrai Parit &/ thi Eae. 

Fig, L AB, tbe external Ear, CD, the \ntm\3l 
Pm, or Organ of the Ear, confiding of the DrtrMp 
the lalfH^ and (Uehlta, £, Eufidchius\ Tube. 

F%* II, Shews t&e T/nr^ifiriff, or Drum of the EaTf 
inth ill poiper Appuatiu of Bones in their natural 
Stemioci, «KK. A, the Tjmfamim 1 6» the Mailais ^ C, 
die ianu^ or Anril ; D^ the St^pa^ or StiTii|i* 

Fig. III. Shcvrs thofe Bones (maj^tdj^ vm* B^ the 
Jfiifir ; C, the /aeidj D, the Forepart j ao^ E^ the 
UihI Part of the Si^s, 

F»- IV. Is * View of die Lahfrimh and C^hka coo- 
neAci. At the Sit|ienori B, the MiddJemoft » snd» 
C tbe inJerior S^mmtm^ Camis of the La^rittih* 

DE. the Ve^ikmhtm of the Labyriifthi F G^ the 
r*irMitf with one of its Splrak opening into the Frfij^ultm 
D£» aod the ocher into the Drum at H. 

F^. V. Aootho' View of the L^hyrintb and Ctdlia^ 
Ihefnjig tiKkfe Bones in the Tfif^anum which open into 
thciki) m, the Holes called, 

I. Tbe Ftm^ra MMmda^ which opens into the 
CMm. 

a. The Fmujhm Omlis^ which opens into the Fgf^ 
tUmhm. 

3, The ExU^ or opcntng of another Canal. 

^ Tbe ^i^irtf/ of the C^chl^^ opening into the F^U 

f, The other S^^trW opening into the Tympanum* 
ig. 6, A Sc^ion of the C^hlea, with the mem- 
bcuieous Partition taken awa^, Ihcwtng the Blood* 
vdlels ramified through its two fpiral Cavities, A uid Q^ 
Fig. Vn, Another Scdion of the Cnhlfa^ 0icwiflg 
the Holes for the PaiTage of the auditory Nerve to the 
CWMnr* 
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AnaUmms^ ar genefal Rcdilicf, its Ufc on the tentlf kil 
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^fmerius, ^e Emblem of a raby Seafoa, 1 9. 

Fabulous Hiftory of, th, 
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Coniiellaijon. 3J. 
Ariturust A Star of the lirft Magnitude, 70. 
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jfr^^» fabulout^Hiftory of» 36. 
jfriV/, the £rft Sign of the Zodiac, to. 
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CoQllcnationj 11. * 

Fabmlout Hiflory of, »^. 
AfcH^ who were caJkd fo by the Crethi^ 9 1 , 
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wa^ fabulous Hiftory of, 27* 
W^ of ti.e Suo^ 4^. 
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Vcafp 47. 

BALENA, the Whale or Sea Moofler, poetical Story of, 31* 
MajM^ 97- 

Blacky an Abfcnce of Colour rather than a Colovtf, 407, 
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The Courfe of the Comet in 175S particularly deferibed* 
64 &. ieq. 

CcK.-sr J znd Diicord in Mufic, 570. 378. 
CcxJJijfio^jf confift of a Number of Stars, j. 

N:ir.ics of thole in the northern Hcinifphere, 5, 6. 
Their Orir>in and Mythologic Iliitorv, 32 5: (cq. 
Of thofc in the fouthern Hemifpheitj, 6, 7. 
Their Origin and fabulous Hillory, 32 & feq. 
The numbering and naming them of the moil antieot 

Date, 7. 
Of thofe of the Zodiac, with their fabulous Hifbr^', tokfcq. 
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i N D E 3^; 

Cr^rr^ the Bowl ! fab oloai Hi ft 017 thereof, |f. 

Cfiptf/sttkt Circle^ or Circle of Twiligkt, 1 16. 

DAY; Lutiari Planeun'* SJtfcpea!» and Solar, jcg. 
Diipbinui, the fabulous Hi llorjr of, 51. 
Drac^t fabulous Hiilory of, 21. 

EAGLE, fabQloua HJltefv Of this Coiiticlhtlon* 2^. 
Eizrt ill various r^rt 5 dcJeribf^L^, 4ti5rfeq, 

A Plate of it, with tm ^ T : »iire9, 411,416. 

'Earfkt thr Axis of, has a ■ /?- 

The Eficds of this Motion iittii\fAM5ii Oil > Gjobe «t'Tth a 

ptrtkul.ir Appart'tr^f 76. 
The Motifins erf the Smri aiid ConftclUtlons forwtrti tlknc« 

atcounteJ for* Fa. 
FigQir of, not that of a Glftbtf", 87, 
Butv^hatis cnllcrd a Spkeioidf i^. 
I>tmenHons of^ SS, Sg. 
^f^p, the Nature of explained, 564. 

Often affords an agreeable Amuftment to the Cunou!?,3'^r. 
The Man and his Echo m^ be bcojrd from two dilCnnD 
Places, 366, 
Mtl^ thcScuIcof, its Appearance in th^ MJcrnfcftpe, 186, 

Thd ScaJcs of this Fifli difcr from tbofe of commofl Frflf • 
in fcvcrd PardcuJar?, iS6. 
Ekpi Fluid, tbt Nature arid AAioii of, 3 ij^ 

Eftiinexif, the Prq*flkWi of, ifJufttatisd by « Globe of i par- 
tictihr Conftruftion, 76, 77* 
See Flare XXXVL Su 

The equmoflkl Poititf being moved, the Ph z of 

any Age may be rcprcJcnted on a cccleitial a.^, 

£rMi^ffx^, a Cooftdiation fo called, fiibyloai Hiftory <if, ^7, 
M'Uimxg^ Harry, a poetical Dcirnp^ion of, lo, II. 
Ejepimiaficfft of a Plate rti ihe Machirtfry tu 4 neir 

App-iratui to the tt .lobe, ua, 12$. 

Of a Plate reprcfetlting the difccnt Parw of ^t E*r, 
41 1. 416. 

To prov« tire Syft*s Ray* when refracted lo be titc natufal 

Ci«ft of Colours, 1^9. 
To t*?(pUin the Naturt t>f the RafitbcrtVi to|. 
To iltMilrsteihe magnify incj Powcf of a Tclelc«*p^, i^. 
iv> Iiirw the Catifc of the Dcfeft of Sight in the M^-e^ 

Ee « 



INDEX. 

Experimtnti, 

To ftiew the prodigious Degree of Vibration GJafs ii 
capable of, 3^9. 

To Ihew in what a furprizlng Manner muiic^J Strings are 
affcftcd by each others Vibrations, 389. 

To prove that a String may be put into Motion by two 
Parts, and yet at reft between them, 390. ^ 

Eyit the Form and Structure of, 333. 

What the Anatomifts call the Optic Nerve, 334. 

The Retina the immediate Inftrument of \''iiion, ih. 

Form of the Eye fuch as the LawaT of Optics require, 337, 

The Cernea, why tran/parent and convex, iS. 

The Ufe of the Uwa with the Pupil, 339. 

The chryftalline and vitreous Humours, 340 & (eq. 
■ A Defcft of the Eye in old People, to what owing, 344, 

In young Perfons, from what proceeding, i6. ^ 

Stnidure of an artificial Eye, 348. 

Of the three GlaAes which are fcrewed on in the artificial 
Eye, 349. 

"The we]] formed and defe£hve Eyes iiluftrated by an Expe- 
riment, 350. 

GAMUT, inMufic, what, 376. 

Gemini t Reafons for the Denomination of this Sign, 14. 

Fabulous Hiftory of, ib, 
Glajfesy convex, nece/Tary to help the decayed Sight of elderly 
People, 346. 
Mud be fo placed, that the Axis of each may coincide 

with the Eye, 348. 
Concave, proper for ihort-fightcd People, 346. 
Mulic of, 387. 
Clobe^ coclcdial ; a Defcription of, i & feq. 

Ufe of, in folviog folar Problems, 42 & fcq. 

In folviog lunar Problems, 52 & feq. 

An Appendage to, for ihewing the various Motioos o^ 

the Moon, 51. 
\jk of, in Problems relating to Planets and Coinets,6c&feq. 

In fuch as relate to the Stars, 68 & ie^. 
An antique coelellial Globe, found in the Ruins of antient 

Rome, 80. 
CnnjeAurcs concerning the Age thereof, 81. 
^ Tiiis Globe a Demonilration of the retro^grade Motions of 
die cijuinoAial Points, 82. 
Tenefinalt a Oefcripdon of, 87. 
in -Uie in the Solution of. many curious and u/efol 
fkobkins, q8 & feq. 

cfcnpCioD of a new Jppwraiu thereto, 1 10 ^ feq. 
3- . 



INDEX. 

To re^ify this new conflrufted Globe, 113. 

To fhew. thereby the Manner in which the Earth tarns 

upon hrr Axis, as (he proceeds in her Orbit -aboat 

the Sun, 113. 
To (hew the apparent Motion of the Sun in the Ecliptic 

far one Day, 114. 
The variable Length of Days and Nights, 15, 16. 
The various Seafons of the Year, 1 17. 
Ufe thereof, for exhibiting the Phxnomena of folar 

Eclipfcs, 120, 
Exemplified in (hewing the Solar Eclipfe April 1, 1764, 

121 &fcq. 
Culpbsy 96. * 

HARP, the ^olian, 388. 

Harveft Moon, explained by the coeleftial Globe, 57. 

Heliojcopest Ufe thereof, and mod perfect Method of making, 

The moft remarkable, tho^e invrnted by Dr. Hook, 236. 
Helioftatay a folftitial and planetary Clock, 304. 

It (hews the lunar and planetary Days, by the Contrivance 
of a I'cntlulum for that Purpofe, 308 & fcq. 

How the Machine mult be redi(ied for planetary Obser- 
vations, 310. 

The Ufe of, exemplified by Experiments* 313 & ieq. 
Hercuhsj fabulous Hillory of, 29. 
Hefidiit the >\i»e in which h^ lived determined by his Defcrip- 

tion of the acronical '^iihn" of the Star ^r^«rii/, 83. 85. 
Heterojciit 92 k feq. 
Horizon, Circles of on the ccckdial Globe, 2. 

JERUSALEM, its Latitude and Longitude, 99. 

What Point of the Compafs it bears upon from London, 
100. 
Jet iTEauSf exhibited by an artificial Fountain, 205. 
Inftruments, ftringed, the Principle of their ConftruClion, 381. 
Jobt his Hiftcry the moll an tient of any extant, 7. 

He mentions the Pleiades and other Conftellation", ibid, 
IJIandsy 95. 
Ijihrnus's, 95. 

LAKES, g6. 

Lauterna Megalographica, or the Magic Lanthcrn, 285. 
Wherein it differs from the folar Mt'galai€:>pe, 286. 
A Portrait two Inches* long thereby iorms an Image oa 

the Wall fix Feet high, 287. 
A "V^iew of the Coronation by this Inftran^ent, 288. 
Its Ufe in viewing the Contexture and Kuxniftcations of. 
^ " ^^ and Sea Plants, 289. 



INDEX. 

The EiTsa thereof in vming Hide tranlparcnt medallic 

I::iprtfui>'n.;. 291. 
A Repf-?n:!:::i:i:n of the Sicg and Queen as Izrgc as the 

Lit?. 2;;:. 
A iienpeciwe View of Isgase before the Fire, g^, 
T>-c Kin^'i X:zi5 ric-ly bluonej and coloured, 293. 

Lir"y;.v^ 4--- 

Zi -.•:.• J. .v, Ar.i: ir li. S9- 

I.'- ..-^ :.". ^; ^c : ^ciw. :-.£ir .Icin Reading Glafles, 313. 

^ .J .' i;.:::^ . sv -u -jci bv a Di-2r«*a*j 319. 

^ic^.-.-.— r_ju-i.G:^L;s, 321. 

T .:.- it - 7 :: 3---:l^ ::i lir^e convex Lenics and con- 
C-'-rr f.-jJ.-r?, iz;. 

T.c A.^::.-=.e':rc-r»f, 324. 

y — l^u: v;::^. -:]^:.:rc:z» Sp.vjiuau, 327. 

1 :.^..- * :i._7:ai Eicos, 325 Jc feq, 

- :::- :r -^- =:■:.: rfzi-riib'.c p.-o\cd by Expcrimcnt5,33i, 
ilif. :• <: -;• .3 ; ^.' Jcn» :or :ike N^me of this Conildlation, 15. 

y,.:— . ii .■iL::ry cf, :i- 
^. . r. ;, -_»*.• ? .-.'p . ifw Of" :hi N.une cf this Sign, 1 6. 

y ;n.* :r' Lie Aj.dta:2 dc: ^quaiDied with this Sign, 17. 
^^. . •,•;-• ■..'::. a cr", rr?p2ga:ed in liglit-Jiae Direclions 

> r .: .:. ^l^'z: f --ai* ire, 36+. 
: -•-.-•<■' M. 1.00:^ cf Miles ^rMloute, 36S. 



-cj. 99. 

.-Q^Lioa of aoimal Voice Of 



ri i.vY cf, 30. 



•.-i-. ,-: ^v-l ^tfic-JJC. 2>;. 

rv^w .i C4.!»c :•* ie i' :-j."!-«- 236. 
.V^- •,. i'. :■ --. vcucil .\::rcr.*^xacr. ro. 
fcitr -\:v' -c.-i: r .Te r*,*:.tf Signs, /^ 

f*\ A';vv: -.^ -V •*• *:-i-u^Q Mcicd cf conilruccing 
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INDEX, 

The EsreeUettCf of the globular Projedion in a M«p Cff 

the World, 150. 
This iUuftrated by a Plate, 131, 
Some are m^de b^ prp^efliiif I he Smfwct of ihe E^rl^ oi 

the Plane of the Hori^iOft, 131. 
Thofc of particular Places, are cnueh juller Riipfefen- 

tations of them than general ones ean be, *|3. 
Sfaoald be t^kcn from tht: Surface of a ^if^roii, hoc a 

Sphere, 134, 
The prtncipat and pecttHa/ Advantnges ef hch a Map, 

r37- 

Illulhat^ by a Diagram, 159. See aJfo Flaie XL. 140. 
Mtffat6r*$ Prajeaioa, 131. 

Ffi/co/tctt Cngle, thcif Nature, VfCi and Conftrudion, 
161 & lc<j. 
Diifcrent kinds and Fonns, wfUl ihdf rtfpc^llvt Ufej, 
167, 171. 
mi/tff'sdcfcribed, 16S. 
Three Form* of Idicroictvpr ' :Jlei siafifial, 17 j, 

Compouud, their Nature, L jh, and Ufe* 174. 

DiiTerence betwixt ihe fingje and Gumponndi 175, 
The Parlour Microfcopc Jcfcribedi liJo* 
The Three pillared on«^ %%t* 
The Solar MicrofcApc dHcribed, 1S2. 
Defcri pterin and Ule of tlie (t\cnd P*n4, 185. 
lu Uie illuflratcd in the Scale of a Sdc Fll^ and an 
Ed, 185. 
In a peculiar Speeies of E^lSp ? Bt7» 
In ihc Eye of a i«3y. and the Wiog* irf* Scarab or (mall 
fieedej 187. 
The cal^nfT bkln of a Sptder, iSS. 
The Tail of A Watrr*Ne«rt, tdfhewfheCJrculattffl, 189, 
Defcnption of a Microfcopic Apparatus, ccmfHliii^ of a 
fin|[ie, compound, and ib5*if Microfcope, to be united 
as Occasion reqmret, 194. 
IQuib^te^ by an Explm^dom tff cHc Ptgiirc iti PUt« 
XLIV. 196. 
Milfy'W^f or Calairyv fabnloui HiAotyof^ 40. 

Pofition of, on the firjl of Odcttr^ 73. 
Moatb and Lips, molt clfemia! to the humtn \''olce, 40^4 
Alttficj the Pr if criic!* ol Sts«od refpe^ling it, j6^^ 

The Car.ncdioa of witli Optics, 399* 
Mttjcai Notes, /A, 

Itiflruments. the Rationale of, 59 j. 
MjopJt a fhort'fightcd PtHbn, 345- 

Whence this Defc^ i* cccajioiied^ repwTenteJ ^y * 
Piagranij l^z, 

£e 4 



INDEX. 

A Variety of concave GUflb muft be ufed as Remedies 
3+7- 

NERVE, the aniverfal Organ of SenfatioD, 334. 

The optic, enters the Eye on one Side, 335. 

A ReaioQ afiigned for this, ih. 

This illuftrated by an Expenment, 336. 
NrwtoM (Sir Ijaac) firil inveftigated the Caufe of the variouf 
Motions of the Moon, 5 1 . 

He'difcovered the natural Caufe of Colours, 199, 
J^ofcy its Office, 410. 

OCEANS, 96. 

Q^amt^ or Sea-Qaadrant, 296. 

Its Conitruftion and Theory explained from a Principle 

in Optic:, 297 & feq. 
Tfie Ufe thereof to take the Height of the Sun at Sea,3oi, 
Alio the Height of the Moon, 302. 
And the Diliance of the Moon from any Star, 305. 
OJIave, in Muixc, what, 372 & feq. 

The Rationale of, 373. 
Opera GlaiTes defer i bed, 220. 

Optical Inftniment for meafaring the Angle of Vifioo, 274. 
No more than two GlaiTes ciTentially reqoixed in it, iy^. 
A third may be added, 276. « 

A Micrometer adapted to it, the-Dilbmce of an ObjeA 

may thereby be difcovered, 277, 
The comparative apparent Magnitude of diflant Bodie^ 

may d\(o be eiliniateti, 278. 
May be applied likcwife tu meafure the Diftance of inac- 
ceffible Objcfts, 279. 

Upon making a Change of Glafles, Prints and Pictures 

may be viewed to great Advantage, ih. 
May be Etted alfo lor viewing all Intaglios, or deep cot 

F'igures in precious Stone^, 282. 
It (hews alio to great Advantage all Kinds of Foffils^ 
Minerals, Ores, &c. 283. 
Organ, the internal Structure of this mufical Inftrument, 397. 
Orion, fabulous Hiftory of, 33. 

po'/V, tranflated by Dry Jen, his Relation of the Story of 
Jupiter carrying off Enre^a, 12, 13. 
Of Jupiter, and Ca/i^otutntd into a Bear, 21, 
Perjfus and Andrcmcda^ 22. 
Of Mtiiujat one oi i\\cGerg9ns, 25. 
"Phaeton falling into the Eridanus^ 38. 
]^ii furprifing Account of the Pboenix^ 39. 
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INDEX 

fARALLAX, the Nature of cxplaiDd, 143, 

Of VcntJS, 260 & feq. 
Pa^o, the Peacock, fab«lt>iis Ilillory of, 37* 
Pegsjut^ fabulous Mirtory of, i6. 
Ftktn, Latiiiide of> 99. 

Poitu of the Compaf^ it bcari upon from London i 10<i^ 

PinirtJulaSi 99, 

PfriVaj 95. 

/»/r/^*j and Andromida^ fabuloua Hiilofjp of, 22, 

Pittrfhurghf L:ititiiile of, 99. 

Phitmx^ fiibuloas Hiftory of, 39, 

Phitnamena of the Moon accounted for* jfiSr fcq. 

Of ihc TranJil of Venn* over the Sun, 141 & feq, 
Pi/ctSt what gave Occatioti for the Denomm^oii of dua 
Copftcllation, 19. 
Poclicai Hiftory of, ib. 
Piuh-?\^t in Mufic, the Rationale of, 396* 
Plamtarj Day, 309. 

PUntist their Orbits donoi coiud^Jc with the Ecliptic, 6^^ 
Reptefente4 on the cffilellial Globe, tS. 
To b^ meafured more accurately whcu diveiled of ihcu 

Radiance, ^58, 
The Qu.mtities of Matter in any two, are in a Ritio of 
the periodical Times and Bi dancer of the batdliccA 
which revolve about- them, 26}, 
Phus. 

XXXIV* Thecccleftial Globe, 42. 
XXXV. The Coarfe of the fokr Maculae over the Son** 

DJfk, yc, 
XXXVL Of the Profeinon of the EoQlnox» 81. 
XXXVIL The cojkiliaJ Glphc rcaifii:d for ihc Agt And 
^nhofHe/itd, 86, 
XXXVIH, The foUr Eclipfe April i, 1764, rcprffented by 
a tiew Apparatus of the tencftriiil Globe, 1 26. 
XXXTX. A Diagram demon it rating the Nature of geo- 
gra phi c a 1 M a ps a n d Pre jt*fl i€ n 5, 131. 
XL, A new geographical Map or Chart of the Jiiatt^ 
tic Ocean, with Part of the Contioeni of 
Enr$pf, Afrkitt and Amtrka^ On the conical 
Prcjfftion, 140, 
XLI. The Tranfu of Vcnns over the Sun's Diifc, 1 ^4. 
XLIL An Apparatui adapted to the rcflrfting Tele- 
fccpe, for ihc wing the Tranijt of Venus, i6o* 
XLIJI, Different Form* of fmglc Mlcrofcopes, ijt, 
X|1^LV\ SinglCf compound, and fol^r Microi copes* i^Sm 
XLV. Prifm^itic Experiment! in a Csmfra Oh/cur^^ 20a, 
XLVL A Plait of the Rainbow, io6. 



INDEX. 

XLTIL a Ffatt k» aMnte che Nataie of 

Teieicopcs ia a Camirm OkfktmM^ axS. 
XLVnL HicXarareoffcieaiiivTddbopei, 250. 
XLDL Tlie Bc^lnnizg ad £ii3 oTd^ Effcfr of V< 
frrm the icUr Dift« 25^ 

LI. Tr.e N.£:.:rr ot Vifioo explained, 333. 

Li. ADilS^aiM ofdlc Ear, 411. 

fwltxs;-:p£ ^sicr.hcCf 232. 

fmtlbn^ 1st jAM.iiiJi^ its Ladtade, aad LoagtCnda firaiM 

fnfij:^^ or ckkriy People, Cade of their DcfidaK/ ia 

^fc«. 3+7; 

If 111 mai^ Uie cf a ccnrex GlaA, x^. 

This De&& of the Focus beisg at too peat a Diftaac^ 

r^p-v^r^nud ia a P iag i — , 35a. 
fnUau iiWed oa the asIeiiTal Globe, 4a. 

To iad tkr Sao's place 10 die Ecliptic, 43. 

The CccJidlacKas aboie t^ HonvMi it Nooa, /^. 

The S«B*s Dedicttioa aad right AlcenfioD, a^ 

Tlise and Asipl:::uie of n£ng and ietdog, /#. 

To icd kb Aiticwde, ^ 

To fhev iSe Hoon of tke Da^ tlttreby, 47^ 

To ihew che Sac*s Aaoiaili, 4S. 

To £n J :hc Mcca*s OrfHt, 52. 

Her true Place in the Orlnt, 53, 54. 

Her Latitude ar^ Loogicvde, ^5. 

To theu- the Ufe of the Zcdiac, /i. 

The IXdxnauon of the Modn, 56. 

The Harvcd Moon, 57 & ieq. 

To ihew each Plar.tfs Place ia die Ecliptic for any par- 

ticular Time, 62 St feq. 
ToiracetheCoarfeof aComec, 6^$t(e^. 
To fkew what Stars will be viiibic any Hoar of a Night 

given, 72, 
The Latitud e of a Place aad the Altitude of a Star being 

given, to £nd the Hour of the Night, 73. 
Solutions oi^ on the terreftrial GIoIm, 98. 
To find the Latitude cf any given Place, i6. 
To find the Longitude, 99. 
Labtnde and Longitude given, to find the Place on the 

Globe, 99. 
To find the Diflance between any two Places, 100. 
To find the Point of the Compaq pa which any Place 

Ta 



INDEX. 

To Jind all the Places of the fame Lidtude ajid Longitudi 

with a gh't^n Place, roi. 
Tft finti all tHofe Places where it b Noon at any Hour of 

the Day, in a Place given, iS. 
When u t5 Noon at a Place given, to find what Hour it ii 

at any other Place, 102- 
For the Hour of the D^y, in the Place where you Are« CO 

find the Hour in any other PJace, f^. 
To find all PLices in theToirid Zone to which the Sua 

is vertical for any given Day, J03, ' 

To End the Midiummcr-Diiys for any given Place in the 

Torrid Zone» iB, 
To find th fc Places in the North Frigid Zone where the 

Sun begins to ihinc conJlantly, or without ikting, o« 

any given Day, j 04. 
To rind the Place over which the Sun is rertical on any 

given Day and Hour, 105* 
To find, ior any given t>ay and Hoar, thoic Pkcci 

where the Sun is then riling or fctUBg, or in the Meri- 
dian ; aJfb thofc Places which arc cnUghtned, and 

thofe which aie not, 106- 
To eathibit, in a general Manner, all thofe Places to 

which a folar or lunar Ecltpri: is viable, when th« 

Time i» known* ik 
Exempliiied in the Ecljpfeof the lirft oE Jprii^ 1764, 107, 

SccPlaicXXXVm, 126. 
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RAINBOWS, their Divcrfiry of Colonrs explained ty Expe- 
riments, ^ziSc fcq. 
That one communly called the Water-Gall accDutiteil 

for, 204* 
Rcprefented by an artificial Shower of Rain^ aoc. 
See Plate XLVL 206, 

Jt^a4^ijr^'GUffe$, the magniiying Power accounted for, 319,320, 
The proper Si/e for reading with both Eyes* jsi, 
I'he elliptic Form preferable to ;i round one, t^, 

MiSiifytng the coslelliAl Globi% Method of, 41. 

Jtifie^ing Or CiitopmcTckfcopcs. 256. 
Their genuine Conilruflion, 247. 
Ufe of tbt'it rcfpeaivc Glaffea, £48, 

Ritinu of the Eye* 334. 

Rivffff 97. 

SAGITTARIUS, the Meaning and Import of this Sign, sS« 
Fabulous Hillory of, ik 




I N D E^X. 

icmfhm^ fabulous Hiftory of, 17. 
' Sta Charts, 127. 

Qoadiant, or optical OcUnt; Natare and Theory of, 
31. 

SfOM, 96. 

SerftHiarims^ ^baloas Hiftory of, rS. 
A pocrical Dcfcription of, 29. 
Sextmiuy the Inflnunenc of Vnuaa, made 2 Cccftdlatxon, 28. 
fidtrtalDzy, 309. 
SiiiScr Day, /^. 

EciipA; in 1764 rrprefented by a Machine, iz6. 
Self, the Scale of, in Appeal ancc in the folar Microfcope, 

185. 
Snatds, the Nature of, 354. 

A mutual vibratory Motion of each Particb of Air the 

Caafe cf Sound in general, 356. 
The perccfiive Force or Stroke made upon the fonoroui 

Body con^cered^ 357. 
Properties of the Fulicsof Air, 359. 
IlluArareJ by a Comparifon betwixt them and the Waves 

of Water, ih. 
Circumftanccs wherein the Waves of Water and Pulfes of 

Air differ, 360. 
Whether there is any Conformity in the Manner in which 

Light and Sound are propagated, 363. 
The aereal Pul i'es fubjecl 10 a Refledion from a fixed 
Plain, from the fame Caoie es the Particles of Light, 

364- 

Inlhuments may be formed for magnifying or diminktliinf 

Sound?, 366. 
The wonderful EfTccl of the whifpcring Gallc;y of Su 

Paul's coniiJercd, 368. 
The Velocity of Sound, what it is found to be, ib. 
The Dificrcnce of the \'e]ocity of Sound and Light bein^ 

afccrtained, a Method is found to meafure the Height 

of a Cloud, 369. 
Of thole Affcdlionj of Sounds called Notes or Tones, 370. 
What is meant by Concord and Difcord, 378. 
The Methods of producing different Sounds on Strings, 

374- 
A drinking-GIafs may be broke by ringing of it, or 

raifing its Tone higher and higher, 379. 
The three Principles which in general caufe any Varia* 
tion in the Notes of founding Bodies, 383. 
touthfaycrsy the antient, full of Impofturc and Njufcnfc, 4, 
Sphere^ right Pofition of, 89. 
P4j;allel and oblique, 90. 




INDEX. 

I Si&rs, their Deg'MS of Magnitude, g, 
^ A Table of the N amber in cgcti Clafs, J0» 

^h Snxne not reducible tf> any Cf^nltdhEioni 6, 

^^^^^May have f^ueh Latitude and north DccHr^adon, 71, 
^^^B Their cofmical, acrcnical^ and heliacal Riring at^d Sc£« 
^^^^ ting, »^, 

^1 How much each Star moves forward in jz Ycarf, 75, 

^H^^Thofe wbicli axe viTiblc in one Age become Invillble in 
^^^^p atnuCher, 76. 

^^^^ Their Longitudes and Dec Imationi conAantly aiteric^, iS, 
Sfraii 



^fwrnr^ fabulous HlilDry of» 28^ 



TARANTULA, the Bite of, faid to be cured hy MuJic^ a 

vulgar Error, 402. 
T'tmrvs^ fccond Sign in the Zodiac, iz. 

Why the anttcnt Aftronomcrs gave it this Name» 1^* 
Fabuloiis Hillary of, 11 & ferj, 
TrftJ^ and Palate, Jnftruments of Speech, 409 » 
Tikftopt^ the proper fmport of the Word, aog, 
1 he Invention perhaps cafual, 310, 
f irll improved into the^refcnt Form by QaUh^i 2 1 r* 
Of the Nauije and Stnitluic of his I'eldcope, 212* 
The Katioiule of this Inllnirnent ill general^ 1^, 
The magnifying Power .ucountcd for, 215, 
lUtillmtcd by an Experiment, fX 
Why the GlaiTes arc pot at each End of a Tube to render 

them tifcful in the Form of a Telefc^jpe, 216. 
Refra£\ing Tckfcopci, their various SiruAtirc and UiV^ 

319. 
The Opera Gh(s, its ConJtmfUon and particular Tirom 

per tics, I20. 
The cxa^ Proportion of its magnifying Power Qicwn hf 

an Experiment, 221. 
Partfculari to be obfervcd in regard to the Ufe of it* 222, 
A DcicriptioR of the P..*rfpe&ive-Glaf5 and its UC$^ 213. 
The agronomical Telcicope, dcBgned for viewing xht 

heavenly Bodies only* 224* 
Why the Image? of Objeas are inverccti in the Objea* 

GMk, ik 
The Sea or Night Telcfcopc, 225. ajo. 
Tl^c different Forms of Day Teieicoptj, 226. 
The Fofitioo and Ufe of the fevcral Gl&ffcs in fourgbfTed 

Telefcopes» iA, Sc feq. 
Five or fix glilVcdTcJefcopes, 329. 
The Conllruftion snd Ufe of the Pacent Tdefeope, |2i. 
The folar Tdefcope, a Dcfcj-ipuan of« «34. 
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I N D E X, 

The Time when the Planet touchrd the? Sun** DtOt lutcf- 

rvaUy, and alto the external Cf>ntaO, 257. 259, 
The Diameter of Venus, a^! it then appeared, ti. 
The Proportion thereof to that of the Sun, 258. 
Thh Planets by Obfervanoos on the Tr^tilh, found to be 

one Half of m former fuppnfcd M.tgnliudcj i&. 
The R«;\f«>n why a Tr^nfi: happcni ft> rarclVp 2.53^ 
Ufcs to be made on rh^ nl*,- '^vations t^-'^ ^ ^'^o. 
Same FeopJa /uf poi? ^ :<tt;end(n|f t f. 162. 

Great Advanuges 5 11 Ajluji+t.^*;' would Rji.u ii-i^t a Cer- 
tainty ihcrrof, 363. ; • ' 
Method cf U^twin^ an ajtjficial Tr%nfi% 264* 
The Rai]oo4le of this curious rh*m)in<yiQii illullraied hy 

M^j^chinety^ 267. 
Reafons wliv feveril Mathematidjin* were fent to diftaut 
Parts of the World £0 obfrrvc rhe TranfiT, 268. 
Firjilf his Aceoant of Orphim*^ Lyre being BfiaJc a ConflC!- 

latiouj 30* ■ 

Ftrg^t the Virgin, Reafent for placiag. «nongil the Connel* 
lations, 1^. 
Fabulous Hiliffry oC l6* 

/^i/fi!fft the Natmc pf, 33,5^ 

IlluftratH hy Experiments^ 334. 
The Rationale of by a finj^k Glafs 163, 164, 
Foictt hum an, our Organs adapted tt> !(;» 408^ 
Vrttnia^ fabulous Hiltory oF, 34, 
Ur/tt Majer and Ui^/ii M/mr, Jabulous-Hiftoiy of» 30* 
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WHALE* or &siIWonft€r^ ^JmiIous HEltory of, 33. 
Wil/iin\ Microfcope, a D^ii^ijidno of|. \^%> ' 
\ Wbiti^ fuch Bad4<£ appear fo as ihrftw up &U Ihe Rdvf «f 
Light proraifcuoufly, 2' 7. 
Wind InlUuments, the Radon^e of, 294. 

ZODIAC on the cocleflial Globe, Ufcof, 55, 56, 

Ope of the Inventions of Dr. Htdkyt 55, 
ZaniSt five of them, 90. 

The torrid, why fo called, lA, 

Two temperate, one In the northerD| the ^}h.%f in die 
ibuihcrn Hemilphere, 91* 

Two frigid, gz. 
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